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THE CAT! 
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Received for publication March 15, 1956 


Up to the present time there have been relatively few studies which deal 
in any detail with the activity of single units in the cerebral (1, 2, 3, 19, 20, 
22, 26, 32) or cerebellar cortex (6, 7, 8) although a number of preliminary re- 
ports have been published. Microelectrodes have been available for some time 
but the movements encountered in the exposed cortex have made it difficult 
to hold a microelectrode tip in position near a cortical neuron long enough to 
carry out extended observations. Recently, Li and Jasper (20) have described 
a chamber that encloses the exposed cortex in such a way that cortical move- 
ments are minimized, and have made prolonged microelectrode observations 
of unitary activity in the somatosensory cortex. We have used a chamber (9) 
that allows the position of the microelectrode to be changed under microscopic 
observation while the cortex remains sealed, by using a sliding window with 
an attached micrometer drive. With the aid of this chamber and metallic mi- 
croelectrodes, we have been able to record activity from single units in the 
first auditory area of the cerebral cortex (as this field is usually defined, 5, 
23, 25) for extended periods of time. 

In this study, we have tried to observe the various types of response of 
auditory units to click and tone stimuli under conditions as nearly normal as 
possible, and with no modification of the state of the cortex other than that 
caused by depth of anesthesia. A preliminary report of the findings was pre- 
sented before the Physiological Society (11). 

The results will be presented in three sections. In the first, we shall report 
some observations: (a) on the initial sign of the spikes, (b) on the characteris- 
tics of the discharge of the units in relation to the movements of the electrode, 
(c) on the distribution of the isolated units within the cortical layers, and 
(d) on the responsiveness of the units under different conditions of anesthesia. 
In the second section we shall describe the unitary response to clicks; in the 
third we shall consider the response of the units to tones. 


METHODS 


The experiments were carried out on 17 cats, under light general anesthesia. No muscle 
relaxants were used. Sodium pentobarbital, pentothal, paraldehyde, chloral hydrate, and 


' Aided by a grant (B-357) from the National Institutes of Health, United States Public 
Health Service, Department of Health, Education and Welfare. 
Post-Doctoral Fellow, United States Public Health Service, 1952-1954. Present address: 
University Laboratory of Physiology, Oxford University, Oxford, England. 
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chloralose were the anesthetics employed. No sound-proof room was available, and all 
acoustic signals were delivered against the background noise of a muffled Grass camera, 
Stimuli were of two types: clicks and steady tones. Both ears were always intact. Clicks 
were delivered to the ear contralateral to the cortical exposure through an earphone clamped 
approximately 2 cm from the external auditory meatus. Tones were produced by a loud- 
speaker placed outside the experimental cage about 6 ft. away. Clicks were produced by 
feeding the output of a Grass stimulator, which gave square-wave pulses, into an attenuator 
box (Hewlett-Packard model 350A) which was connected to an ANBH-JA earphone. 
They were routinely generated by a pulse of 0.1 msec duration. However, the duration of a 
pulse could be varied from 0.02 to 2 msec in 7 steps and statements about the range of 
available clicks refer to variations of pulses within this range. The amplitude of the maximal 
signal from the Grass stimulator was not varied during the experiments and provided a 
reference level when the attenuator was set at 0 db. The final intensity at the ear was varied 
by manipulating the attenuator, which was graduated in db steps. The signal was at approxi- 
mately the threshold of human audibility, with the earphone pressed against the ear of one 
of the observers, when the attenuator was set at 80 to 90 db. While the system used does 
not permit the intensity of the clicks to be expressed in decibels, it allows them to be ranked 
according to intensity and for convenience different clicks will be identified by the at- 
tenuator settings (in db) throughout this paper. 

Tones were produced by feeding the output of a Hewlett-Packard oscillator (202B) into 
the driver of a speaker. No equipment was available to measure the variations of sound in- 
tensity in the room and errors resulting from this source during experiments cannot be 
properly evaluated. If the room is not acoustically disturbed an Electrovoice model 650 
microphone substituted in place of the animal’s ear reveals that signals of the same intensities 
produced by the oscillator (within the range used) are delivered by the loudspeaker with 
variations of about +10 db for frequencies of 200 to 5000 cps. With higher frequencies the 
sound output drops off greatly and is lower by about 30 to 40 db at 10 ke and still more 
so at higher frequencies. However, with the maximal output of the oscillator some cochlear 
potentials are recordable when the oscillator is set to deliver up to 15 to 20 ke. 

The animal was routinely given an intramuscular injection of penicillin and after an 
exposure of the bone over the auditory region, a 4” trephine hole, centered usually over the 
dorsal tip of the posterior ectosylvian sulcus, was made and the dura cut away. In order to 
make possible the insertion of the microelectrodes into the cortex without breaking the 
tips, the arachnoid membrane was cut away, avoiding damage even to the smallest pial blood 
vessels. This was done with the aid of a pair of small tweezer type scissors, and a pair of 
forceps with tips ground fine enough to allow picking up the arachnoid. 

Figure 1 is a diagram of the cortical chamber (9), which was attached to the skull over 
the trephine hole by means of dental impression compound. Two side tubes, normally 
closed, for filling the chamber with saline after the window at the top was in place, were 
mounted in the side wall. Thus, when the chamber was filled with 0.9 per cent NaCl, the 
presence of the highly incompressible liquid confined within the rigid enclosure minimized 
pulsations of the cortex and cortical movements as observed at a magnification of 16X 
seemed entirely abolished. The microelectrode can be seen mounted in a small micrometer 
drive which in turn was mounted in the glass window of the chamber. Prior to insertion, 
the tip of the electrode could be located over any desired point on the cortical surface by 
sliding the window manually. When the electrode was being inserted, the reading of the 
micrometer was taken when the tip just touched the pia, as judged by microscopic observa- 
tion. This was the only reliable reference point in judging electrode depth, since the cortex 
usually became covered with a thin film by the time the electrode was withdrawn which 
precluded observation of the electrode tip as it left the cortical surface. 
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Fic. 1. Chamber for immobilization of cortex. Glass disc is kept pressed against plexiglas 
ring by a two-pronged spring fork. Joint between disc and ring is movable but liquid-tight. 
A tight fit here is essential for adequate cortical immobilization and is obtained by sealing 


a thin layer of dental impression compound to the ring and molding it flat by rubbing with 
a hot wet microscope slide. Side tubes are normally closed. Pitch of micrometer drive is 
: le,” = 396.9 uw. Pitch taken as 400 uw in measurements of depth of penetration. 


The microelectrodes (12) were glass pipettes filled with indium, the tips of which were 


, plated over first with gold, then with platinum. The diameters of the tips varied between 2 

, and 5 microns. It was our custom to make the shaft which actually entered the cortex as 

, thin as possible (of the order of 10 to 15 microns). After successful experiments the brains 

1 were preserved for identification of electrode tracks and for histological examination of the 
cortex. The tracks could be usually identified if the electrode penetrated about 1500 microns. 
The relevant blocks were fixed in formalin, embedded in paraffin, cut serially at 10 microns 

, and stained with thionin. Every section was mounted. 

y Recording was done with a capacity-coupled amplifier with an input resistance of 

“3 5 X 10° ohms. The reference lead was a ground clip to the head holder. Records were photo- 

2 graphed with a Grass kymograph camera from a double-beam oscilloscope. In all the records 

d the positive phase of the initially negative discharge and the negative phase of the initially 

. positive ones may be partly artifactual due to the short time constant of the recording 

x system. 

. RESULTS 

e I. General Remarks 

f 1. The initial sign of the unitary potentials 

h It is a common observation that in every cellular region the unitary poten- 


tials, recorded by small extracellular electrodes, are usually initially negative 
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in sign, but that on occasion an initially positive spike is seen. Jung (17) as- 
sumes that an initially positive spike may be recordable from slightly injured 
dendrites, while Li and Jasper (20) believe that there are always signs of in- 
jury when such a spike appears. It was suggested by them that the initially 
negative spike is recorded at some distance from the cell body, while Rose and 
Mountcastle (24) concluded that a stable initially positive spike is recorded 
when the electrode is very close to or actually impinges upon the cell. The 
closed window preparation, which allows the recording of both kinds of spikes 
for a long time, yields data which tend to support these latter interpretations. 

Thus it is frequently seen, with progressive advancement of the electrode, 
that a tiny negative spike increases in amplitude, reaches a maximum at some 
point and then decreases again in height until it is lost in the noise of the base- 
line. Although the distance over which the spike can be recorded varies greatly 
from unit to unit, the fact that this distance is often of the order of 150 to 200 
microns suggests that the negative spike must frequently be recordable at a 
considerable distance from the cell body. 

The conditions under which a stable initially positive spike is recorded may 
be summarized as follows: an initially positive spike is often seen to develop 
from an initially negative potential while the electrode is being advanced; the 
appearance of a positive spike is as a rule accompanied by a marked decrease 
of the neural noise, and, in contrast to the initially negative potential, is usu- 
ally recorded in isolation; a further advance of the electrode does not cause a 
conversion of the positive spike into an initially negative one, but usually re- 
sults in a sudden disappearance of the potential at some point with signs of 
injury. However, a clear cut injury discharge often appears only after the 
electrode has been advanced 100 microns or more. 

The assumption that a stable initially positive spike is indeed recordable 
when the electrode is close to or impinges upon the cell seems a fair inference 
from these facts. The observation, however, that a positive spike may remain 
recordable even though the electrode is advanced over a relatively large dis- 
tance requires some comment. It seems reasonable to postulate that the cell 
may be displaced by the electrode for a considerable distance before a severe 
injury to it, as evidenced by injury discharge, results. 


2. Stability of the discharge characteristics with changes of the position of the 
electrode 


The fact that a neuron is damaged often so seriously that an injury dis- 
charge results, raises the question whether there may not always be some clear 
signs of damage when a microelectrode is near enough to record activity. If 
this were so one could expect that such parameters as the threshold value of 
the applied stimulus, the mean latency of the discharge, the number of spikes 
in the train, and the values of the inter-spike intervals would vary appreciably 
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Fic. 2. Responses to clicks of unit Mc11(4). The number which follows the letters Mc 
identifies the experimental animal, the number in brackets indicates the consecutive unit 
studied extensively during a given experiment. Upward deflection is negative in this and all 
other figures. ar = stimulus artifact. Numbers at the extreme left of each column indicate 
settings of the attenuator in decibels (db) below the reference level (0 db). The second column 
of numbers indicates the mean latency to the first spike and the standard error of the mean. 
The number of spikes in each record represents the most frequently observed number of 
spikes per click (the modal number) at a given intensity of the stimuli. The graph indicates 
the successive up and down movements of the electrode. Letters identify the positions within 
the cortex at which the records were obtained. Records b to g show responses to clicks at 
attenuator settings of 10 db (10 db clicks). Note that the amplitude of the discharges is not 
altogether identical at points a, b, d, and h. This is probably due in part to backlash of the 
microdrive (about 15 4) and thus the same readings of the manipulator are only approxi- 
mately at the same actual depth. Time line underneath as refers to series a; the one under- 
neath g to all other records. Record ag shows a sweep in which a response occurred and 
another one in which the unit failed to respond. Total number (N) of records upon which 
measurements were made = 271. Mean interval between spikes: in series a = 2.4 + 0.1 


msec. in series h = 2.7 + 0.2 msec. Chloral hydrate anesthesia. Electrode’s location: Pos- 
terior segment of the first auditory field. 
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for the same unit when the electrode is being advanced. However, our data 
suggest that these variations may be quite trivial as long as the unit continues 
to discharge in a stable manner. Thus, if an initially negative spike is record- 
able for quite a distance along an electrode track, a repeated movement of the 
electrode back and forth along this distance may not affect materially any 
characteristics of the discharge except amplitude. Furthermore, if a unit that 
was discharging initially negative spikes starts to discharge initially positive 
ones, the mere reversal of the sign need not be accompanied—apart from am- 
plitude—by any other changes of the discharge characteristics. 

Figure 2 shows initially negative potentials of a unit responding to click 
stimuli. Series a; to as shows the relationship between the intensity of the 
stimulus and the latency of the discharge at a point 1380 microns beneath the 
cortical surface. Records b to g show potentials of the same unit responding 
to a 10 db click at different depths of the electrode tip. Series h; to hs shows 
again the intensity-latency relationships after the movements indicated in the 
graph were completed. It is apparent that the discharge characteristics of the 
unit remained virtually unchanged. Thus the threshold intensity is between 
55 and 60 db in both series; the mean latencies are similar for the same intensi- 
ties of the stimulus; the mean intervals between the spikes do not differ sig- 
nificantly; and finally, each click well above threshold evokes a discharge in 
both series. To be sure some differences are noticeable. Thus the number of 
spikes per response most frequently encountered (the modal value) is some- 
what different in both series. In series a the modal number was 2 only in 
response to a 10 db click, while in the series h it was 2 for clicks of 0 to 20 db. 
However, trains with 2 spikes occurred quite commonly for clicks of 0 and 
20 db also in series a, and the apparent differences may be due to inadequate 
sampling. In any case all discharges in both series were one-spike responses 
for clicks attenuated by more than 30 db. The other differences which may be 
present are differences in mean latencies at certain intensities of the stimulus. 
These differences, however, are quite small and a conclusion seems warranted 
that the movement of the electrode did not result in any striking changes of 
the measurable characteristics of the discharge. 

Figure 3 shows records of another unit while it was discharging initially 
negative spikes (a; to as and b) and after its discharges became initially posi- 
tive (c, to cs). Records of series a were taken at a depth of 1460 microns be- 
neath the cortical surface. The electrode was then withdrawn to a depth of 
1420 microns and advanced again to the depth 1520 microns three times in 
succession, virtually losing the spikes at the points of maximum withdrawals 
and progressively recovering amplitude at insertions. With a final movement, 
beneath the 1520 micron level, the potentials suddenly reversed their initial 
sign at the level of 1560 microns. It will be noted that all measurable charac- 
teristics of the discharge are very similar in both series and that in both the 
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Fic. 3. Responses to clicks of unit Mc4(6). Arrangements as in Fig. 2. Records on left 
illustrate the potentials while the unit was discharging initially negative spikes, records on 
right show the same unit discharging initially positive spikes. Graph illustrates the up and 
down movements of the electrode. The dashed line below point c indicates the distance of 
the electrode track along which the potentials were initially positive. Record b shows the 
modal discharge of the unit in response to 0 db clicks at a depth indicated in the graph. 
N = 134. The mean interval between spikes in 2-spike trains is 2.0 + 0.1 msecs., for both 
the initially negative and initially positive trains. For the initially negative 3-spike trains 
the mean value of the first interval is 1.3 + 0.1 msec., the mean of the second interval is 
1.9 + 0.1 msec. The appropriate values for the initially positive trains are: 1.5 + 0.1 and 
1.9 + 0.1 msec. Chloralose anesthesia. Location: Posterior segment of the first auditory 
field. 


potentials arise on the ascending slope of a negative wave which remained sub- 
stantially unaffected by the reversal of the initial sign of the spike. 

The data presented suggest some obvious conclusions. If an initially nega- 
tive discharge can be recorded without any marked changes in its characteris- 
tics (except amplitude) despite repeated movements of the electrode it would 
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Fic. 4. Locations of the isolated units in the depth of the first auditory field. All determi- 
nations of depth from readings of the micromanipulator On the right a normal cyto- 
architectonic pattern of the first auditory field is shown. The photograph was made from a 
section (30 4 thick) which stems from a transverse Horsley-Clarke series and in which the 
shrinkage of tissue is known. The photograph is enlarged to the scale of the chart. The num- 
bers on left of the chart indicate the cortical depth in microns. Experiments in which the 
same anesthetic was used are grouped together. Each arrow indicates a separate electrode 
track. The arrow points up if units were isolated while the electrode was being withdrawn 
after its deepest penetration. Points of deepest penetration are indicated by bars. x mark- 
ings indicate locations of units which could not be activated by any sound stimuli delivered. 
Circles indicate locations of units undoubtedly sensitive to acoustic stimuli, while triangles 
refer to units studied extensively. 


appear that the discharging cell was located at least a small distance from the 
electrode track and thus any damage to it was probably only minor. 

The other conclusion is that a mere reversal of the initial sign of the spike 
does not have to introduce any other marked changes in the characteristics 
of the discharge. If our interpretation a to the recording site of an initially 
positive potential is correct this implies that a contact of the electrode with 
the cell does not necessarily cause any marked additional damage. It should 
be stressed, however, that severe damage can be easily inflicted upon units 
discharging initially positive spikes since such units can be routinely caused 
to discharge injury potentials when the electrode is advanced far enough. 


3. The distribution of the isolated units within the first auditory field 


Figure 4 indicates in 17 animals the loci within the cortex at which the dif- 
ferent units were isolated and their relation to cortical layers. It appears that 
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the isolated units were located in the cellular regions since the zonal lamina 
(1st layer) was virtually empty and only a few units were located | elow a 
depth of 2000 microns. There is no doubt that a unit responding to acoustic 
stimuli can be located in any cellular layer and in the sample available the 
probability of encountering a responding unit is not strikingly different for 
different cellular layers, although it may be greatest in depth of 400-1200 yu. 


4. Responsiveness of cortical units under general anesthesia 


A considerable difficulty in the study of unitary responses was created by 
the fact that many isolated units, which were identified through occasional 
spontaneous discharges, were either unresponsive to any auditory stimuli at 
our disposal or only insecurely* driven by the best stimulus. Out of 402 units 
graphed in Figure 4, 137 (34 per cent) were totally unresponsive, while the 
large majority of another 211 units (indicated by dots as responsive) were not 
studied because their response was markedly insecure. Thus all our findings to 
be described are based on the responses of the small fraction (less than 14 
per cent) of all units isolated that responded securely or well enough to make 
quantitative studies practicable. 

This does not imply, however, that unresponsiveness to acoustic stimuli is 
an invariable characteristic of a given unit. For an unresponsive unit may 
after a time start to respond securely (and continue to do so for hours) or the 
opposite may happen. We have also seen a waxing and waning in the respon- 
siveness of some units with time. Since the depth of anesthesia appears to be a 
self-evident factor which may affect the responsiveness, most of the experi- 
ments were done under as light anesthesia as practicable and different anes- 
thetics were tried. Figure 4 indicates that in our small series no striking differ- 
ences in the responsiveness of the units emerge between the animals anes- 
thetized with different drugs. 

It will be noted from Figure 4 that unresponsive and responsive units are 
frequently encountered in the immediate vicinity of each other. Moreover, we 
have observed fairly often that if two units are recorded simultaneously one 
of them may be totally unresponsive while the other will respond each time 
to an adequate stimulus. There is no doubt, therefore, that at the same level 
of anesthesia great differences in the responsiveness of individual units actually 
do exist. On the other hand, it can be shown that a unit which responds se- 
curely at a given level of anesthesia may cease to respond so when anesthesia 
deepens. 

Figure 5 illustrates-data pertaining to one such unit. The unit was studied 
under light chloral hydrate anesthesia for almost 314 hours prior to the begin- 
ning of the graph and always responded securely to a 10 db click. The mean 


* We denote a unit as insecurely driven if it fails to respond each time when the best 
stimulus is presented under identical external conditions. 
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Fic. 5. Effect of deepening anesthesia on the responsiveness of unit Mc11(4). All data 
based on responses to 10 db clicks. Modal discharges of this unit to such clicks are shown 
in Fig. 2. Zero time is the time at which the previously lightly anesthetized animal was given 
150 mg of chloral hydrate intravenously to deepen the anesthesia (see text). Arrows indicate 
time of administration of additional doses of the drug. Abscissa is the same for both graphs. 
The lower graph plots only responses in which the unit did discharge and thus the average 
number of spikes per click cannot be lower than 1. 


latency of the first spike, the percentage of clicks evoking spikes and the aver- 
age number of spikes per response before the anesthesia was deepened are 
graphed on the ordinate at zero time. It is apparent that the unit becomes 
progressively less responsive as anesthesia deepens. The decreased responsive- 
ness is accompanied by a lengthening of the mean latency to the first spike 
and a rapid decrease in the average number of spikes per response. It is per- 
tinent to point out that immediately after this unit was abandoned as in- 
securely driven another one was found, 400 microns away, responding securely 
to a click even though the animal was completely areflexic from an overdose 
of the drug. 

Breathing of air saturated with ether vapor promptly brings about an in- 
crease in latent period to the first spike and a diminution in number of spikes 
per response, and usually in a short time the responsiveness of a unit is com- 
pletely abolished. Although it is not clear in our experiments to what extent 
the effect is due to anesthesia, and to what degree it may be the result of as- 
phyxia, the unresponsiveness is not permanent, and the unit recovers com- 
pletely after the breathing of ether is discontinued. 
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Fic. 6. Effect of breathing ether vapor on responsiveness of unit Mc17(1). All data 
based on responses to 30 db clicks. A discharge of this unit to such a click is shown in Fig. 
7. Graphs plot the latency of the spike before, during and after breathing of ether. Records 
were photographed usually every 10 seconds and each point represents a single latency. 
All points graphed along arrow—no spike— indicate times in which the unit failed to respond. 
These points are connected by dashed lines with points indicating measurable latencies to 
aid the eye. Chloral hydrate anesthesia. Location: Posterior segment of the first auditory 
field. 


Figure 6 presents the experimental data for unit Mc17(1). The unit was dis- 
charging under light chloral hydrate anesthesia one spike per response virtu- 
ally each time a 30 db click was presented for half an hour before the series 
shown in Figure 6 began, and continued to discharge securely to this stimulus 
for an hour after the series was completed. Before breathing of ether the unit 
discharged at latencies between 18.2 and 22 msec. With breathing of ether the 
latency increased and the unit ceased to respond for the first time after one 
minute. The unresponsiveness was maintained for about 2 minutes after the 
ether was discontinued and the latencies of discharge approached the starting 
level within another 2 minutes. The second graph shows a repetition of the 
experiment with breathing of ether for about 4 minutes. It will be noted that 
within 4 minutes after the ether was discontinued the unit had not yet re- 
covered its responsiveness. Twelve minutes later, however, the unit discharged 
again securely at its usual latencies. 

II. Response to Clicks 
1. Effect of variations of stimulus strength on the click response 

a. Effect on latency. Units responding to click may discharge early, at inter- 
mediate latency, or finally quite late. Moreover, a unit may respond both early 
and late. Figure 7 shows records of three units responding at different latencies 
Out of 31 units on which we possess latency data 21 were in the early group, 
+ in the group of intermediate latencies, while 6 units responded late. With a 
loud click the mean latent periods of these groups do not overlap in our sample 
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Fic. 7. Range of latent periods of unitary responses to clicks. From left to right: Unit 
Mc12(1), response to a 60 db click: Unit Mc17(1), response to a 30 db click: Unit Mc3(2), 
response to a 0 db click. Note the different time lines. Observe the slow negative wave pre- 
ceding the unitary discharge in the middle record. Record on the right shows a discharge 
after about 76 msec. Mean latency of this unit, however, is 84 msec. Location of all units: 
Posterior half of the first auditory field. 
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Fic. 8. Responses to clicks of unit Mc9(5). Intensity-latency relationship. Arrangements 
as in Fig. 2. N = 135. Pentothal anesthesia. Location: Posterior segment of the first auditory 
field. 


since the early responses occur between 5 and 12 msec after the delivery of 
the stimulus, the intermediate between 15 and 40 msec, while the earliest late 
response occurred at a mean latency of 84 msec, the latest at about 250 msec. 
Out of 31 units mentioned there are latency data available for 24 of them 
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at different intensities of clicks. Figures 2 and 3 show the latency-intensity 
relationships for units Mci1(4) and Mc4(6). Figure 8 shows this relationship 
for unit Mc9(5). Data relating the intensities of the stimulus to mean latent 
periods to the first spike are summarized in Table I. 


























TABLE I 
Mean Latency to First Spike in Milliseconds for Clicks of Different Intensities 

Unit | N O | 10 | 20 | 30 | 40-49 | so-so | 60-09 | 70-79 | 80-89 | W | W-M 

Mc2(2) | 80 9.3 | 9.5 | 9.8|10.1| 10.8; — | — | — | — | 10.8] 1.590% 
mc2(4) | 93] 9.7| 10.2| 10.2| 10.8| 11.7] — | — | — | — | 11.7] 2.00% 
Mc&(5) | 108} 5.0| 5.6| 6.4| 7.2| 8.6| 10.7; — | — | — | 10.7| 5.7% 
Mct(6) | 117 5.9 | 6.5] 6.8] 81/ 95) — | — | — | — | 9.5| 3.60% 
Mc7(3) | 60) 8.7| 8.6] 8.7) 8.9| 9.3) — | — | — | — | 9.3 | 0.6% 

Mc8(1) | 60 v4 7.3| 7.3| 7.5| 7.4] 7.5| 85| — | — | 8.5 | 1.0% 
Mc8(2) | 76| 6.6] 6.4] 6.5| 6.6] 7.1] 7.7] — | — | — | 7.7] 1.70% 
Mc8(3) | 25| 7.3| 6.6 6.4 711 76) —|—|—] — | 7.6 | 0.30 

Mc8(4) | 100] 8.8) 8.9] 88] 93/121) — | — | — | — | 12.1 | 3.% 

Mc9(3) | 59 | 11.1 11.1 | 11.9 | 13.6 | —-j—- —-/j;— | _ | 13.6 | 2.58 

Mc9(S) | 135 | 11.2 | 10.6 | 10.5 | 12.3 | 14.0 | 16.7 | 20.6; — | — | 20.6| 9.4% 
Mci1(3) | 108 | 8.4] 8.2) 8.8] 9.0] 9.3) pon pone — | — | 10.2 | 1.8% 
Mcii(4) | 194| 6.6] 6.9| 7.2| 7.7 9.4 10.1 | 10.7] — | — | 10.7 | 4.2% 
Mc12(1) | 225 | 11.8 | 11.8 | 10.3| 9.8] 10.7 | 10.0| 11.8 | — | 11.8} 0.0 

Mci3(1) | 110 | 10.0 | 10.4 9.6 | 9.7) 10.1] 10.0} 9.6 | 10.6 | 11.8 11.8 | 1.8 

Mci3(2) | 153 | 10.0| 9.3 | 10.0| 9.8 | 10.0] 11.0 | 12.7| 19.4) — | 19.4| 9.¢°% 
Mci3(3) | 159 | 7.5| 7.6| 7.7| 7.8| 7.9| 8.4 —|-|- | 8.4 | 0.9% 
Mci3(5) | 85| 7.7| 7.6] 7.7| 7.9| 8.1]10.2| — | — | — | 10.2] 2.9 

Me15(1) | 123) 7.9| 8.1| 81] 8.0] 8.2] 9.1] 13.5| — | — | 13.5 | 5.00% 
Mci8(1) | 180| 8.0} 8.3 | 8.7 | 8.8) 8.8| 8.9] 12.5) — | — | 12.5] 4.5% 

Mci8(2) | 115] 7.9| 7.9| 8.6) 8.4] 84) 8.7| 11.0) — | — | 11.0] 3.P°% 
Mci0(2) | 68 | 17.2 17.6 | 17.1 | 16.0 | 21.5 | -- | i | — | 21.5 | 4.3 

Mci6(1) | 90 | 22.1 oe ert ova erat igs — | 24.8 | 2.7 

Mci7(1) | 161 | — | 22.2 | 19.8 | 20.7 22.7 | 28.2 | — | — | — |28.2/ 60 

Mc8(21) | 83 | 149 | 144 | 163 | 159 | 204 | 184 | — | — | — | 184 |35.0 














Effect of click intensity on the mean latency to the first spike. 24 units. First column identifies 
the unit. Second column (N) shows total number of records measured. Figures in each successive 
column indicate mean latencies at strength shown at the head of the column. Strength of clicks 
estimated from settings (in db) of the attenuator. If within the indicated brackets of stimulus strength 
there was more than one determination done the figure refers to latency produced by the weakest 
stimuli. Column W assembles all mean latencies at the weakest intensities tested. Column W-M 
shows the difference between the mean latencies for the weakest and strongest clicks. This difference 
is marked by 0 if it is not significant statistically or by a X, XX, or XXX if the probability is 
smaller than 0.05, 0.01, or 0.001 respectively that as large a difference between the means could 
have arisen due to chance. The significance of the difference was estimated by test developed by 
Welch (31) for populations whose variances cannot be assumed equal. A dash-line separates the 
group of units which responded early from units which responded at intermediate latencies or late. 
Unit Mc8(2) which responded both early and late is entered twice. Reference level and character 
of clicks for all units in experiment 2 is only approximately the same as for other units. Reference 
level for unit Mc8(2) was by a small but unknown factor less intense than in other experiments. 
Clicks were generated by pulses of 0.02 msec., duration for unit Mc13(1) instead of the usual pulse 
of 0.1 msec. 
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It is apparent that almost all units which responded early tended to display 
longer latencies when the stimulus became weaker. The prolongations of the 
latent periods differ, however, greatly for different units and latency shifts 
vary from less than 1 to almost 10 msec. A second fact is that for most early 
responding units the latency shifts occur mainly or even exclusively at intensi- 
ties which are relatively close to threshold intensity if threshold strength is 
defined as the intensity that is as likely as not to cause a unit to discharge. 

It will be noted finally that clicks at reference level (therefore at about the 
same absolute intensity) arouse the early discharging units after latent periods 
which may differ by as much as 6.8 msec. A part of these differences may per- 
haps be accounted for by anesthesia or by differences in acuity of hearing be- 
tween animals since the latencies of units stemming from the same animal are 
no farther apart (at reference level) than 2.5 msec. 

Units with intermediate or long latencies seem to react to variations of 
stimulus intensity in a similar manner. However, our data are not sufficient 
to determine whether these units also display latency shifts. 

b. Effect on percentage of clicks evoking spikes. An additional estimate of the 
effectiveness of the stimulus can be secured by plotting at different intensities 
the percentage of clicks that cause the unit to discharge. Figure 9 shows typi- 
cal plots for two units. It is seen that unit Mc13(3) is driven securely since 
every click above threshold is effective. The responsiveness of 100 per cent 
continues down to an attenuation of 53 db. A further attenuation of 2 db 
causes a precipitous drop in responsiveness, while a click at 60 db is altogether 
ineffective. Data for unit Mci2(1) demonstrate that responsiveness may be 
of this type even if the unit never responds securely. 

In contrast to such typical plots an entirely different behavior is seen in 
Figure 10. Here the unit is entirely unresponsive to 0 db clicks, responds poorly 
to 10 and 20 db clicks and responds each time to 30 db clicks. With further 
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Fic. 9. Percentage of clicks evoking spikes at different intensities of stimulus. The graphs 
are typical for the large majority of units. A discharge of unit Mc12(1) is shown in Fig. 7. 
Location of both units: Posterior half of the first auditory field. 
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Fic. 10. Percentage of clicks evoking spikes for unit Mc17(1) at different intensities of 
clicks. A modal discharge of this unit is shown in Fig. 7. This is the same unit upon which 
studies shown in Fig. 6 were made. Graph plots responsiveness in one phase of the experi- 
ment. Average responsiveness of this unit based on pooled data is shown in Table IT. 


attenuation the unit declines again in responsiveness. Such complete unre- 
sponsiveness to intense clicks concomitant with a 100 per cent responsiveness 
to some weaker ones was observed only once in our material. However, the 
unit in question was studied extensively for over 214 hours and while its re- 
sponsiveness varied at different times it always failed to respond to a 0 db 
click. Table II presents all our data in regard to responsiveness of the units 
at different intensities of clicks. It is seen that it is typical for a large majority 
of them to maintain a high degree of responsiveness over a large range of click 
attenuation and then to decline in responsiveness quite abruptly, when the 
stimulus is made still weaker. It will be noted, however, that some units did 
not follow this pattern. Although no other unit shows as clearly as does unit 
Mc17(1) that an intense stimulus need not be the most effective, the most 
intense clicks appear to have been less effective stimuli also for units Mc8(3) 
and Mc7(3), suggesting that a diminished responsiveness to intense stimuli is 
probably not an altogether rare phenomenon. 

c. Effect on the number of spikes in a discharge train. A single click may cause 
a unit to discharge either one or several spikes. The number of spikes per re- 
sponse which occurs most frequently in a population of responses evoked by 
identical stimuli has been defined (24) as the mode of a repetitive train. The 
most common modal value in our material was a one-spike response. A con- 
siderable number of units often discharged trains of two spikes, while only 
infrequently have we seen units responding commonly with three or more 
discharges. 
There is some reason to believe (see p. 63) that the general low modal 
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TABLE II 
Percentage of Clicks Evoking Spikes at Different Intensities of Stimulus 
Unit | N O | 10 | 20 | 30 | 40 | so | s2 | s4 | 56 | 58 | 60 | 62 | 64 | 66 | 68 | 70 | 75 | 80 | 90 
— an oul cee aa ——= wre | 

Mc2(2) | 202| 100 |100/100|100| 97\100| —| — — — 3) 4 —| | 4s a 5 ~ 
Mc2(3) | 207 | 100 |100)100|100|100) 70 al — —| —| 55} + — + sj 9— 
Mc2(4) | 161 | 100 |100|100|100| 95| 50) — 4~43449----4 § ae ee 
Mc4(5) | 122| 100 |100|100\100| 89| 37, — | 4 —| -| | — 4-44 -- 
Mc4(6) | 134| 100 |100}100}100| 90} 0} —| | | — —| | 4 + — — 4 - 
Mc7(3) | 88| 68* | 93] 93] 69) 47| 20 —| —| —| | — — 4444-4 -4- 
Mc8(1) | 62 | 100 |100100|100,100,100| —| —| | —| 60} — — — 4 — 2 — - 
Mc8(2) | 204 | 100 /100,100,100)100| 69| —| 31] 17) 0} 0 — —|—| + ~~ —- 
Mc8(21) | 122 | 100 —|100}100/100\100) 93) —| s4| 25} | 9 |I4- |- 
Mc8(3) 56 | 44 |100| 90\100100, o| —|  — —| + — — sal ed 
Mc8(4) | 333 | 100 /100]100} 94) 64] 10)  — — 4 -— 4 44 4—--- 
Mc93) | 85| 93 |100| 82| 33); 4 4 4 4444444444-- 
Mc9(5) | 163| 84 | 79|100| 96 87| 93) —| —| 71] — 22} | 44 -- 
Mci0(2) | 77| 96  |100| 83|100| 91} of | 4 4 —- + 4 44 4—-- 
Mc11(3) | 154} 84 | 74| 52| 60] 80| 90) — — — — 53} -| + — — — = —|— 
Mc11(4) | 426 | 100 |100}100|100|100) 95 75) 48-484 4-557 54-7-- 
Mc12(1) | 261 | 98 | 95| 95| 90} 95} 90) —| — —| — 91) 86) —| 71) —-| of + — — 
Mci3(1) | 220| 100 | 98|100|100|100100) —| —| —| —\100) — —| —| —\100} —\100| 9 
Mc13(2) | 174 | 100 | 96| 97/100|100/100, —| —| —| —100| —| —j 90} —| 50} 0 _ ~ 
Mc13(3) | 164 | 100 |100/100}100|100/100} —\100} 211) —| 0} —| S — 4S 4S 4 -- 
Mc13(5) | 94] 100 |100/100|100\100) 78) 22) le a oe oe oe oy os 
Mc15(1) | 138 | 100 100|100|1001100 100) —| —| —| —j100)100 70| —| —| 33} | —| —- 
Mct6(1) | 101 | 100 | 90|100| 90|100|100| — —| —| —| 90} —| — 91] —| 45} —| 4 — 
Mc17(1) | 201 0°) 45/ 53) 98) 72| 50) —| —| 293 4 4 | 4 4 4-1 - —|- 
Mc18(1) | 200 | 100 |100|100)100100| 99) —| —| — “4 88) 90) 58} 22) | — — — — 
Mc18(2) | 198 | 100  |100)100|100|100|100, —| —| —| —| 94] —} 93} 53] 13) 0} —| = — 

















Effect of click intensity on the percentage of clicks evoking spikes. 25 units. First column identifies 
the unit. Second column indicates the size of the sample. Successive columns show percentages of 
clicks causing the unit to discharge. Attenuation between 50 and 70 db is shown in 2 db steps. Here 
the figures refer either to intensities indicated at the head of the column or to one which was 1 db 
more intense. Note that units Mc2(2) and Mc2(4) show higher thresholds to clicks in Table I than 
they do here. This is due to the fact that in the second experiment the camera was not yet sound 
proofed. In consequence responses to weaker clicks were masked for these two units by camera noise 
in the photographed series on which the values in Table I are based. Data for early and late responses 
of unit Mc8(2) are entered separately. The markings X, XX, and X XX indicate a probability 
smaller than 0.05, 0.01 or 0.001 that the differences between percentages shown in the column at 
0 db and those in the columns at 10 and 20 db are due to chance (Chi-square test). 


value of discharge trains of our units might have been the result of anesthesia. 
It will be recalled that the number of cortical units which were securely driven 
was altogether small. Moreover, since deepening of anesthesia can decrease 
the responsiveness of a unit and reduce the number of spikes in a train it could 
be argued that even those units that were responding securely, but with one 
discharge only, might have been so responding because they were affected by 
anesthesia. Whether or not this is so may be left an open question. In any case, 
it is true that if a unit responds to a click with a train of spikes the number of 
spikes in a train is sensitive to the intensity of the stimulus. 
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Fic. 11. Typical shift of the modal value of the repetitive trains with changes in the 
intensity of clicks. Settings of attenuator indicated for each curve. Point belonging to the 
same distributions are connected by lines to aid the eye. Unit Mc2(3). Nembutal anes- 
thesia. Location: Posterior segment of the first auditory field. 


Figure 11 shows a graph which exemplifies typical relationships. The unit 
responds to intense clicks with trains the modal value of which is two spikes 
per response and there is a shift of the modal value to one when clicks become 
weaker. Similar data treated in a somewhat different form are shown in Ta- 
ble III for all units that emitted a substantial number of repetitive trains. 
Here, instead of plotting distribution curves the average number of spikes 
per click is computed for different intensities of the stimulus. It is seen that 
for most units the most intense clicks evoke the largest mean number of spikes 
and that this number tends to decrease progressively towards the minimal 
value when the stimulus becomes less intense. 

The values for three units, Mc9(5), Mci3(1) and Mci5(1) deserve some 
comment since in all three of them it is not the most intense click which causes 
the largest mean number of spikes per click. It is probable that these units 
did in fact discharge fewer spikes per click in response to strong stimuli than 
they did to some weaker ones, thus reinforcing the conclusion already reached 
that for a fraction of all units intense clicks may not be optimal stimuli. 

In summary, the following can be concluded in regard to responsiveness of 
units to clicks. For every unit there is an intensity range in which the respon- 
siveness is optimal and outside of which it declines to zero. It is typical for 
most units to decline in responsiveness precipitously when the intensity of the 
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TABLE III 
Average Number of Spikes per Response at Different Intensities of Clicks 
Unit N | 0-19 | 20-39 | 40-59 | 679 =| 80-89 

Mc2(2) 3 «| «(3.2 «| «lo | ke | _ 
Mex) | 168 | 2.0 | ma # os _ 
Mc2(4) | 116 | 23 | 2.2 | 1.6 ; _ 
Mc4(5) | 108 5.7 | 4.4 | 2.6 | — | _ 
Mc4(6) | 117 | 2 , ie 1.9 / o— = 
Mc8(1) | -~ bt we ioe | 10 | 1.0 - 
Mc8(2) | 15 | 1.3 | 4.1 1.0 } —-— | = 
Mc8(4) | 265 | 1.3 | | 1.0 i - — 
Mc9(3) | 9 | 16 | 1.3 _ / = - 
Mc%(5) | 135 , a 7. | 1.3 | — 
Mc10(2) 68 1e@ | 1.8 1.2 | — = 
Mc11(4) 388 . | gs | 1.0 1.0 — 
Mc12(1) 225 | 1.3 | | 1.0 | 1.0 | — 
Mcl3(1) | 1000 | 61 | 2 | | 2.4 | 2.2 
Mc13(2) | 153 } 1.3 i as 7 ee | ast — 
Mci3(3) | 159 1.2 1.1 | 1.0 ; o— - 
Mci3(5) | . | so [ow ] - | 
Mci5(1) | 123 | om | ees | 1.7 se | — 
Mci18(1) | 180 1.4 )) <a | 1.20 is | — 
Mc18(2) | 170 1.7 | 1.6 |} 1.90% or | _ 





Effect of click intensity on the average number of spikes per response. 20 units. Arrangements 
as in Table II. Only records with spikes are considered and thus the lowest mean value cannot be 
smaller than one. Note that the mean number of spikes per response decreases usually progressively 
when clicks become weaker. Whenever this is not the case the difference between two successive 
means has been evaluated by the test of Welch. Markings 0, X, XX, or XXX (denoting the 
same probability levels as in other tables) refer to significance of these differences. 


stimulus approaches a critical value. For a fraction of all units, weaker, rather 
than intense, stimuli appear to be most effective. For such units the responsive- 
ness declines on both sides of the optimal range. For the majority of all units, 
however, within the range of intensities tested, the most intense stimuli pro- 
duce an optimal responsiveness. 


2. Time intervals between spikes in repetitive trains 


As we have already mentioned, most units in our material if they discharged 
at all repetitively usually emitted two spikes. Only a few units discharged 
commonly 3-spike trains and a discharge of 4 or more spikes was rare. 

The mean interval between the spikes in 2-spike trains ranged between 1.2 
and 4.8 msec, in a sample of 18 units; the mean of means of this sample is 2.8 
msec. For 6 units which emitted 3-spike trains in larger numbers the mean 
values for the first and second intervals ranged from 1.0 and 1.7 to 2.3 and 4.7 
msec, respectively. The means of the means of this sample were 1.5 msec for 
the first interval and 2.8 for the second. A small sample of 4 units which dis- 
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charged 4-spike trains yielded a mean value of 1.4 msec for the first interval, 
1.8 for the second, and 3.1 msec for the third. 


III. Response to Tones 


Because of the limitations of our tone producing equipment (see methods) 
we did not intend originally to study responses to tonal stimuli. It became 
soon apparent, however, that under the conditions of our experiments about 
40 per cent of all responsive units did not discharge to any click at our disposal 
but were activated by tones or complex sounds of long duration. These re- 
sponses were studied despite the technical limitations of our sound system 
since it was felt that certain quantitative data are valid and that some qualita- 
tive information is of interest as to the phenomena which can be observed in 
the anesthetized animal when tones are presented. 


1. Suppression of spontaneous discharges by tones 


Among the units discharging spontaneously at a rapid rate it was rare to 
encounter one which discharged in a stable manner. We have seen only three 
such units. For all three a fairly wide band of low frequency tones suppressed 
the discharges while the tone was sounding. Records a and b in Figure 12 
illustrate this effect for unit Mc7(1). No systematic studies were made per- 
taining to suppression of spontaneous discharges as a function of the intensity 
of the tones or their frequency. 


2. Excitation by tones 


As already stated many units not responding to click were sensitive to tones 
and for 23 of them some quantitative data were collected on their response to 
the tonal spectrum. Broadly speaking every unit sensitive to tones proved 
itself optimally sensitive within a restricted range of frequencies even if the 
tones presented were moderately intense. For a sample of 10 units data are 
available as to the time the different tones sustained discharges. Two of these 
units responded even to the best stimulus with a single discharge or a burst 
of them mainly or exclusively at the onset of the tone. Other units tended to 
discharge for longer periods during tonal presentations. 

Record c in Figure 12 illustrates discharges of a unit which reacted only at 
the onset of the tone. A 1.0 kc tone is shown presented three times and each 
time the unit responds only at the onset with a short burst of spikes. Since 
with the available set-up we could not vary the rapid rise-time of the tone 
there is no doubt that transients were generated with every tonal presentation. 
It would be therefore simplest to attribute a response which occurs only at 
the onset of the tone to transients generated during its rise-time were it not 
for two facts. The first is, that the unit did not respond to any click at our 
disposal. The second fact is that the responses appeared quite sensitive to fre- 
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Fic. 12. Types of unitary responses to tonal stimuli. Time line shown in record a applies 
to all records. The height of the bracket indicates the size of a 100 uv deflection. Lower 
tracings show the onset and termination of the stimulus. Record a: Spontaneous discharges 
of unit Mc7(1) and suppression of these discharges by a 2.0 kc tone. Record b: End of the 
tonal presentation and resumption of the spontaneous discharges. Actually the tonal presen- 
tation lasted in this instance for over 4 seconds (the middle of the record is not shown) 
and there was not a single discharge during that period. Pentothal anesthesia. Location: 
First auditory field about 1 mm anterior and 1 mm dorsal to the tip of the posterior 
ectosylvian suclus. Record c: Discharges occurring only at the onset of tonal stimuli (see 
text). Unit Mc5(1). Pentothal anesthesia. Location: Just anterior to the tip of the anterior 
ectosylvian sulcus. Record d: A sustained discharge to a 1.5 kc tone of unit Mc7(2). Anes- 
thesia and location same as for unit Mc7(1). Record e: A sustained discharge of unit Mc17(3) 
to a 12 ke tone. Chloral hydrate anesthesia. Location: First auditory field just in front of 
the tip of the posterior ectosylvian sulcus. 
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Fic. 13. Effect of tonal pips of different frequencies on discharges of unit Mc5(1). Re- 
sponse of this unit to a pip of 1.0 kc is shown in Fig. 12c. Tones within range of 0.2 to 5.0 
kc approximately of the same intensity. 2.0 kc tone about 50 to 70 db above average human 
threshold. Each point shows an average value determined from a number of tonal presen- 
tations. N = 114. 
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quencies presented. Figure 13 shows the frequency response curve for unit 
Mc5(1). While our experimental conditions make it inadvisable to evaluate the 
minor inflections of the curve it seems clear enough that the unit was respond- 
ing best to pips around 1.0 kc. Figure 14 shows the response curve of another 
unit responding often (but not invariably) only at the onset of the tone. The 
unit was unresponsive to clicks and the response area shown was determined 
only after a prolonged and futile search in the lower frequency range for a tone 
which would activate the unit and after it was observed that jingling of keys 
was an adequate natural stimulus. It will be noted that the average number of 
discharged spikes to tonal pips of 0.2 sec. duration is hardly more than one 
discharge even for the best frequency. How to interpret such data is an open 
question. The evidence seems to suggest that a true onset response to tones 
may exist which implies that there are actually cortical units sensitive to fre- 
quencies which signal merely the beginning of a specific tone. Whether this 
actually is so must be left undecided until the problem is reexamined under 
better conditions of stimulation. 

Figure 12d illustrates a sustained discharge to a 1.5 kc tone which was the 
most effective stimulus for this unit. Figure 15 indicates that the unit re- 
sponded fairly selectively to tones around 1.5 kc. Whether the sharp dip in the 
response curve near 1.5 kc is a true phenomenon is difficult to decide, but we 
have seen similar dips around the best frequency several times. It will be noted 
in Figure 12d that the discharge rate is quite low. Different units differ in this 
respect but the large majority does indeed discharge at rates which are quite 
low even for the best and most intense stimuli. 

Among units which undoubtedly responded with sustained discharges to 
tonal stimuli, great differences exist in regard to time during which the best 
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stimulus maintains discharges. Figure 12d indicates that discharges can be 
sustained without apparent decline in firing frequency for well over a second. 
Almost all presentations of 1.5 kc tone caused this unit to respond in a similar 
manner. Other units, however, ceased to respond entirely within a few hun- 
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Fic. 14. Effect of tonal pips of different frequencies on discharges of unit Mc9(1). Clicks 
and intense low tones were without effect. Maximal output of the oscillator used to deliver 
the tones. Each point shows the average value of discharged spikes determined from a num- 
ber of tonal presentations. N = 92. Pentothal anesthesia. Location: Posterior to the center 
of the first auditory field. 

Fic. 15. Effect of tonal pips of different frequencies on discharges of unit Mc7(2). A dis- 
charge of this unit to a 1.5 kc tone is shown in Fig. 12d. Duration of tonal presentation: 
0.75 sec. All tones of about the same intensity as in Fig. 13. 
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Fic. 16. Effects of tones of different frequencies on discharges of unit Mc17(3). A dis- 
charge of this unit to a 12.0 kc tone is shown in Fig. 12e. All tones delivered at the same 
setting of the oscillator. 2.0 kc tone roughly 50 to 70 db above human threshold. Tones 
above 10.0 kc were effectively about 30 to 40 db less intense than those in the range of 
0.5 to 5.0 kc. 
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Fic. 17. Adaptation to tones for unit Mc17(3). Each curve shows the number of spikes 
discharged in consecutive 4 second periods when a tone of a frequency indicated in the 
graph was sounded continuously. 


dred milliseconds and a few responded for longer than a second. For one unit 
responding vigorously to a continuously sounding tone an adaptation study 
was made. Figure 12e illustrates discharges of this unit for the first two seconds 
in response to the most effective tone while Figure 16 plots the frequency re- 
sponse curve. Figure 17 shows the course of adaptation for 4 frequencies. It 
is seen that the number of spikes discharged in response to the best stimulus 
(12 kc) declines with time and that the curve reaches a plateau after 16 seconds 
which is maintained without major changes until the end of the total presenta- 
tion. The curves for other, less effective frequencies reach similar plateaus 
sooner. 


3. The influence of tonal background on the response to clicks 


If a unit responds to a click and if no discharge occurs when a tone alone 
is continuously sounded, the click response may be measurably modified when 
the click is presented while the tone is sounded. 

We have seen such effects quite frequently but studied them in some detail 
only for 6 units. 

Figure 18 graphs the mean latencies to the first spike and the average num- 
ber of spikes per response for unit Mcii(4) when iniense clicks are presented 
against a background of loud tones of different frequencies. Although every 
click causes a discharge of a unit at all frequencies it is clear that a tonal back- 
ground can increase markedly the latency of the click response and diminish 
the average number of spikes per click. A study of Tables I to III reveals that 
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Fic. 18. Effect of tones sounded continuously on responses to intense clicks for unit 
Mc11(4). Points on the ordinate axis show the mean latency to the first spike and the average 
number of spikes per click response when no tone was sounded. Each point represents a 
mean value of a number of measurements. N = 173. All tones roughly of the same intensity: 
2 kc tone about 50 to 70 db above average human threshold. Modal discharge of this unit 
to a 10 db click is shown in Fig. 2. 


a 10 db click for this unit was about 50 db above threshold and that the most 
effective tones cause the click response to display the same latency and a simi- 
lar average number of spikes per click as was produced by click alone of about 
40 db. In short, an intense click when delivered against certain tonal back- 
grounds causes the unit to discharge as if the click delivered were weak. The 
graph suggests that the effect was limited to certain tones only. While there 
is no reason to doubt the reality of this observation it may be reiterated that 
intensities of different tones were only approximately the same. 

Figure 19 presents variations of latency of the unitary response to a click 
when a weak stimulus (about 15 db above threshold) is presented against in- 
tense tonal backgrounds. The graph again suggests that certain tones are more 
effective than others. Thus a tone of 0.5 kc abolishes the discharge. Tones of 
0.8 and 1.0 kc abolish the responses frequently and the mean latency of those 
which do appear is prolonged. Tones above 2.0 kc seem without effect on 
latency. It will be noted (see Table I) that a latency of a click response of over 
12 msecs can be produced for this unit by click alone of about 65 db. 

Figure 20 finally presents latency data of responses to clicks when intense 
clicks are delivered against the background of tones of varied intensities. 
Tones of 0.75, 0.5 and 0.25 kc are all effective in prolonging the mean latency 
at tone intensities at reference level; only 0.75 kc tone is effective when the 
tone intensity is reduced by 20 db; and there is no clear effect (the curve is 
not shown) of any tone attenuated by 40 db. Again it will be noted (see Table 1) 
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that a latency shift of more than 3 msec can be produced in this unit by a 
click alone of about 60 to 70 db. 

While the data presented suggest that a tonal background, if effective, tends 
to diminish the responsiveness of a unit to a click, we have a unique observa- 
tion which implies that this is perhaps not always the case. The data pertain 
to a unit (Mc11(2)) which was virtually unresponsive to click alone. It re- 
sponded to tones and the best response was to about 600 cps. This response, 
however, was not sustained for any length of time and the unit ceased to dis- 














Me 18 (1) 
13 
3 
3 \2+ 
E 
204 
3 
= OF 
= — 
7 —_—— 
- ee 
a 
2s = 
§ 8 & 
#3 2 50 db click + 
Se ate: 





© 5001000 2000 3000 4000 5000 6000 cps 
Fic, 19. Effect of tones sounded continuously on response to weak clicks for unit Mc18(1). 
Arrangements the same as in Fig. 18. N = 194. All tones of about the same intensity. 2 kc 
tone about 60 to 70 db above average human threshold. Chloral hydrate anesthesia. Lo- 
cation: Posterior segment of the first auditory field. 
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Fic. 20. Effect of tones of varying intensity on response to intense clicks for unit Mc18(2). 
2 ke tone at reference level about 50 to 60 db above average human threshold. Solid line 
refers to tones at reference level (0 db); dashed line to tones attenuated by 20 db. N = 153. 
Anesthesia and location same as for unit Mc18(1). 
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charge after a while when 600 cps tone was continuously sounded. If now a 
strong click was presented the unit responded to it 50 per cent of the time with 
rather constant latency of about 30 msec. 


4. Localization of frequency-sensitive units 


Considerable interest attaches to the distribution of frequency-sensitive 
units in different sectors of the first auditory field. Our sample stems almost 
exclusively from the posterior sector which could be expected to be a region 
of low frequencies (16, 29, 33). In fact most of our units were optimally sensi- 
tive to such frequencies. Nevertheless, quite a few units within this sector 
(e.g., unit Mc17(3), Figs. 12e and 16) were actually responding best to higher 
frequencies while in one experiment on the anterior sector of the field units 
were observed responding apparently best within low frequency range (data 
for one of these units are shown in Figs. 12c and 13). Small size of the sample 
and the limitations of our sound system discourage any definite conclusions. 
The findings raise, however, a doubt whether cortical locus is uniquely critical 
for the frequency sensitivity of a unit, at least in terms in which this sensitivity 
is here defined. It may be mentioned that the findings of Hind (16) appear 
concordant with these data for he found that within the low frequency region 
of the first auditory field on occasions cortical points could be found which 
were activated at threshold by tones as high as 10 to 12 kc. 


DISCUSSION 
1. Effect of anesthesia 


The data presented suggest that if general anesthesia was as light as pos- 
sible but deep enough to prevent the animal from struggling, about a third 
of the cortical units within the first auditory field was unresponsive to acoustic 
stimulation. It is by no means clear whether this result reflects the normal orga- 
nization of the neurons or whetherit is due either to anesthesia, or to our inability 
to deliver appropriate stimuli, or finally to the damage inflicted by the electrode. 
Apart from the problem of mechanical injury there is obviously a possibility 
that some units classified as unresponsive might have been actually respon- 
sive to certain frequencies which could not be generated. On the 
other hand, there is no compelling reason to assume that under normal condi- 
tions, all units in the field are necessarily activated by sounds. Evidence from 
other systems is rather discordant on this point. In the visual cortex, Jung (18) 
and Baumgartner (4) employing Bremer’s encéphale isolé preparations found 
about 50 per cent of neurons unresponsive to light. In contrast, Mountcastle, 
Davies and Berman (personal communication) observed that in curarized ani- 
mals under very light pentothal, it is rare to encounter a unit within the first 
somatic field which is not activated by somatic sensory stimuli. They have 








the 
occe 


ence 
disc 
unli 
the 
in f 


eral 
ver 
late 


cor 
imy 
if i 
sug 
pac 
the 


mo 
nu 
mi 
val 
is ; 
ev 


thi 


en 


of 
in 
int 
We 
(2. 
id 


co 





wa 
with 


itive 
nost 
gion 
Nsi- 
ctor 
pher 
nits 
data 
nple 
ons. 
tical 
vity 
pear 
gion 
hich 


pos- 
hird 
istic 


rga- 








AUDITORY CORTICAL UNITS 81 


also observed that units which change the initial sign of the discharge with 
the advancement of the electrode become quite commonly less responsive and 
occasionally quite unresponsive when the initial sign becomes positive. While 
as shown (see p. 61) a mere reversal of the initial sign may be without influ- 
ence on the discharge characteristics of a unit there is little doubt that units 
discharging positive spikes are indeed often seriously damaged. However, it is 
unlikely that damage alone could have been responsible for the occurrence of 
the totally unresponsive units since the majority of them were discharging 
in fact initially negative potentials. 

Disregarding the totally unresponsive units, it is nevertheless clear that gen- 
eral anesthesia affects the responsiveness, for a deepening anesthesia may con- 
vert a unit responding each time into one insecurely driven, may prolong the 
latency of the unitary response, and may diminish the number of spikes in a 
discharge train. Since these facts are in agreement with observations on other 
cortical regions (20, 32) it seems reasonable to believe that anesthesia is an 
important factor in producing an insecure and fluctuating responsiveness even 
if it is not the only factor involved. That some other factors may be critical is 
suggested by the observation that individual units differ greatly in their ca- 
pacity to respond at the same anesthetic level and that even a very deep anes- 
thesia need not abolish a secure response of some of them. 


2. Response to clicks 


In a series of clicks of graded intensity the strongest clicks are usually the 
most effective stimuli. Such clicks tend to cause for most units the largest 
number of spikes per response, the shortest latencies of the discharges, and 
minimal fluctuations in the duration of the latent periods around the mean 
values. Lengthening of the latent periods when the stimulus becomes weaker 
is a rather stable characteristic for a given unit Individual units differ, how- 
ever, greatly in this respect For some units the differences in the latent periods 
may be either not demonstrable at all or only trivial in magnitude; for others 
this shift may be very marked and may reach a value of about 10 msec. Length- 
ening of the latent periods with decrease of stimulus intensity occurs in the 
medial geniculate (14, 15) and in the inferior colliculus as well (28). A decrease 
of the number of spikes per response under these conditions has been also seen 
in the medial geniculate (14). However, there is no reason to suppose that the 
influence of stimulus strength on the characteristics of the discharges is in any 
way peculiar to the auditory system, for units in the tactile thalamic region 
(24) and in the somatic cortex (2, 10) react to such variations basically in an 
identical manner. It is nevertheless noteworthy that sensitivity of a single 
cortical unit to small increments of stimulus strength near threshold appears 
to be often of the same order of magnitude as is the capacity of an intact ani- 
mal to discriminate such changes. 
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The observation that strongest clicks are not always optimally effective is 
again consonant with the findings in the medial geniculate (14) and probably 
also in the inferior colliculus (28). It is quite obscure what may be the signifi- 
cance of such phenomena for the act of hearing and what are the mechanisms 
involved. Whether reflex contractions of the intra-aural muscles play any role 
in eliciting these phenomena has not been explored. It seems unlikely, how- 
ever, that such contractions could result in a complete failure of an intense 
stimulus and an assumption that a strong click may under certain conditions 
inhibit the response of a unit seems a fair inference from the data. 

Responses to clicks possessing early, intermediate, and very long latencies 
occur also in the medial geniculate body (14). It is thus possible that the 
destination of even the latest discharges in the medial geniculate may very 
well be the cerebral cortex. 


3. Response to tones 


There was no difficulty in our preparations in demonstrating that many cor- 
tical units are sensitive to tones or sounds of long duration. A tone may sup- 
press spontaneous discharges, it may excite a unit to discharge, or it may 
modify or abolish a discharge of a unit to an impulsive stimulus. All these 
types of discharges are known to occur in the medial geniculate (13). How- 
ever, the “‘off” type of response observed by Galambos in the medial geniculate 
was not encountered in our sample. 

a. Suppression and excitation by tones. Suppression of spontaneous discharges 
of a unit by tonal stimuli was an infrequent event. However, there is little 
doubt that activity of some cortical units may be suppressed by tones and the 
observed low incidence of such units may be misleading if spontaneous activity 
of a unit were particularly susceptible to anesthesia. Whether these phenomena 
are comparable in principle to inhibitory effects observed in other cortical 
regions (19, 21), is at the moment uncertain. 

Units excited by tones were routinely maximally sensitive within a restricted 
range of frequencies for tones of moderate intensity. It seems likely that at 
threshold intensities effective frequency bands would have been narrower. A 
frequency sensitivity of cortical units was also observed by Thomas (27). 

A unit may respond only at the onset of a tone. Suggestive evidence that 
such responses are probably due to stimulation by tone rather than by tran- 
sients generated during its rise-time has been discussed while presenting the 
data (see p. 73). 

For units which responded continually to tonal stimuli the time during 
which discharges were maintained (in response to the best stimulus) varied 
greatly in our sample. Some units ceased to fire after about 100, 200, 300, or 
500 msec. Some, however, discharged without apparent decline for over a 
second while the longest period observed during which a unit was still firing 
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well above its resting level was about 30 seconds which was the longest time 
a tonal stimulus was ever presented continually. It is not at all clear what is 
the cause of these large differences in firing times. It is, of course, both possible 
and likely that individual units differ in this respect. There are several factors 
however, which must be considered before such interpretation is accepted. 
Thus, the intensity of the tones, the accurate determination of the best stimu- 
lating frequency and finally the level of anesthesia are all factors which can 
be assumed to be of importance for the duration of the firing. We do not think 
it likely that variations of the first two factors mentioned can account for our 
observations. However, it cannot be excluded at present that the great varia- 
bility of the response time might have been introduced in our experiments by 
anesthetic agents. If, however, this variability is indeed a normal occurrence, 
then units which respond only at the onset of the tone and those which dis- 
charge for longer periods could be considered as differing only quantitatively 
since the onset response could be obviously viewed merely as an extreme 
variant of rapid adaptation. 

b. Masking. It is well known that cortical potentials (slow waves) evoked 
by clicks are easily masked by sounds. The same phenomenona have been 
revealed in our study of single cortical units. In our small sample, tones of low 
frequencies proved themselves to be effective maskers. While such a finding 
could be anticipated, it is necessary to qualify it, since tones of higher fre- 
quencies could not be adequately delivered. In any case, the evidence is sug- 
gestive that for different units different low tones may be maximally effective. 
Our data imply that all tones sufficiently effective to influence the click dis- 
charge but not effective enough to abolish it always caused the click response 
to behave as if a click alone of weaker intensity were presented to the ear. 
While the observed neural events do not exclude the possibility that masking 
takes places above the cochlear level, the findings are certainly consistent with 
the interpretation of masking as proposed by Wegel and Lane (30) who sug- 
gested that the masked sound fails to excite since it fails to produce a displace- 
ment of the relevant portion of the basilar membrane if a larger amplitude of 
motion has been already imposed upon this portion by the masking stimulus. 


SUMMARY 


Discharges of single units in response to clicks or tones were studied in the 
first auditory field of the cat under light general anesthesia. 

1. Suggestive evidence is presented that initially negative spikes are re- 
corded at a distance from the cell body while the initially positive discharges 
are probably recorded when the electrode impinges upon the cell. It is shown 
that repeated movements of the electrode up and down along the track may 
be without major effect on the latent periods of the unitary response, the num- 
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ber of spikes in the discharge train, the interspike intervals, or on the threshold 
value ef the stimulus. 

2. Under light general anesthesia 34 per cent of all units isolated were un- 
responsive to sound stimuli. The majority of units responded insecurely and 
only about 14 per cent of all units responded each time to an adequate stimu- 
lus. Units responsive to sounds can be encountered in all cellular layers of the 
first auditory field. Deepening of anesthesia may reduce the capacity of a unit 
to respond as measured by the latency of the discharges, the number of spikes 
per response, and by the frequency with which an adequate stimulus arouses 
the unit to discharge. 

3. Units responding securely to intense clicks discharge early (within 5 to 
12 msec), at intermediate latency (15 to 40 msec) or late (84 to 250 msec). 
Most intense clicks are for the majority of units most excitatory. For some 
units, however, such stimuli may be either less than optimally effective or even 
entirely ineffective. Changes in the latent periods of the response, in the num- 
ber of spikes in a train, and in the responsiveness of a unit with progressive 
attenuation of clicks are described in detail. 

4. A tonal stimulus may either suppress discharges of spontaneously active 
units or it may excite a unit to discharge. A unit may respond only at the onset 
of a tone, or it may discharge for greatly varying periods of time during tonal 
presentation. Units sensitive to tones are as a rule optimally sensitive to re- 
stricted frequency bands. The evidence at hand implies that a cortical locus 
is probably not uniquely critical for the optimal frequency response of a unit. 
Nevertheless, within the posterior segment of the first auditory field most 
units studied were optimally sensitive to low frequencies. 

5. Masking of the unitary responses to clicks by different tonal backgrounds 
was examined. If a click response was influenced but not abolished by a tone, 
it always behaved as if a weaker click had been presented alone to the ear. 
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OBSERVATIONS ON MECHANICAL FRAGILITY OF 
HUMAN ERYTHROCYTES 


I. Errect OF CHOLINESTERASE INHIBITION 
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The following experiments were done for two reasons. Firstly, there is evi- 
dence that cholinesterase (ChE) inhibition alters membrane permeability of 
dog, rabbit and human erythrocytes (1, 2, 3, 4). This altered permeability may 
be associated with actual hemolysis and hemoglobinuria in dogs (5). Secondly, 
measurement of mechanical fragility (MF) is a sensitive method of determining 
alterations of the red blood cell in a variety of experimental and clinical con- 
ditions (6, 7, 8). Therefore, it was considered worthwhile to study the mechani- 
cal fragility of normal human red blood cells before and after cholinesterase 
inhibition. 


MATERIAL AND METHODS 


Defibrinated blood from ten human subjects was used. Mechanical fragility (MF) was 
measured according to the technique described by Castle ef al. (6). Under the present labo- 
ratory conditions the mechanical fragility at 32°C. of normal unincubated blood with 
hematocrits ranging from 40 to 48 per cent did not exceed 5 per cent. As has been shown 
previously, sterile incubation at 37°C. does increase MF (6, 7) and the interpretation de- 
pends on changes in MF of proper controls in each experiment. Red blood cell cholinesterase 
(ChE) activity, expressed as ApH/hr., was determined by a modification of the Michel 
method (9). Sarin (10) and eserine were used as ChE inhibitors. By the above method of 
determination the ChE activity, following addition of excess inhibitor, was depressed to 
between 0.06 and 0.12 ApH/hr. All incubation experiments were performed with sterile 
technique. 


EXPERIMENTS AND RESULTS 


In a sample control experiment defibrinated blood from a normal subject 
was divided into four similar aliquots and the MF of each determined. The 
results showed 3.6, 3.3, 3.6 and 3.4 per cent hemolysis. The MF of blood 
from five normal subjects was determined before and after the addition of 
sarin. No more than 0.25 to 0.5 milliliters of sarin (2 to 4 u) in physiological 
saline was added to aliquots of 6 to 10 milliliters of blood. Titrations of several 
specimens of whole blood indicated that this amount of sarin represents a five- 
to tenfold excess. Physiological saline was added to control samples in identical 
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volume ratios. The results are presented in Table I. There was no increased 
MF even though there was maximal inhibition of red blood cell ChE (see 
Material and Methods). 

The question then arose whether prolonged inhibition of ChE might reveal 
some effect on red blood cell MF. However, as shown in Table II partial in- 
hibition im vivo of red blood cell ChE (for 144 hours) did not increase the MF 
and subsequent maximal inhibition by the addition of more sarin in vitro 
revealed no significant change in the fragility. 

Nevertheless, the possibility remained that complete inhibition of ChE 
might have a delayed effect. Consequently, aliquots of normal blood to which 
excess sarin had been added were incubated for 5 hours at 37°C. The MF of 
the test and control aliquots were 5.5 and 5.0 per cent respectively; again re- 
vealing no significant difference. The pH of the above aliquots at the end of the 
experiment were 7.6 and 7.65. 

Although inhibition of ChE by sarin under the above circumstances did not 
alter the susceptibility of the cell membrane to mechanical trauma, it seemed 
possible that the inhibiting agent might have some secondary effect that could 
cloak or counteract the previously reported increased membrane permeability 
following ChE inhibition (1, 2, 3, 4). Therefore, the following experiments were 
done. Aliquots of normal blood were incubated with another ChE inhibitor, 
eserine, for 2 to 24 hours at 37°C. The eserine concentration was 1.2 milligrams 
per cent. The results, in Table III, again showed no significant difference in 

















TABLE I 
: sas : ons Rbc Cholinesterase Rbc Cholinesterse. 
: Mechanical Fragil Mechanical Fragil — -nc 
Subject Before Adding - 4 After ‘Adding Seri Adding Savin AnH/hr. Addn Sacto apit/he 

1 2.9% | 2.3% 0.60 | 0.06 
2 3.1% | 2.5% 0.77 | 0.12 
3 3.3% | 2.6% 0.68 0.09 
4 1.3% 1.7% 0.76 0.06 
5 2.8% 1.9% 0.81 0.07 











* Blank determinations for Aph/hr. of Rbc without added acetylcholine ranged from 0.02-0.04 
pH units per hour. That these values represent maximal ChE inhibition is indicated by the ob- 
servation that one-tenth the amount of sarin employed yields the same ApH/hr. 








TABLE I 
Mechanical Fragility |Rbc ChE After Partial | Mechanical pegkty Rbec ChE After Marked 
Subject After Partial Inhibition| Inhibition with Sarin | After Marked ibi- | Inhibition with Sarin 
of ChE with Sarin ApH/hr. tion of ChE with Sarin ApH/hr.* 
6 1.9% 0.59 2.1% 0.12 
7 2.6% 0.41 2.7% 0.12 
8 1.3% 0.65 1.6% 0.12 




















* See footnote Table I 
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TABLE II 
Mechanical Cholinesterase Cholinesterase 
Mechanical | Fragility of Activity Before Activity After 
Subject Fragility of Aliquo Addition of Eserine | Addition of Eserine 


it 
Control Incubated 
With i 





Rbe | Plasma Rbc | Plasma 


ApH/hr. ApH/hr. 
9 (2 hours incubation at 37°C.) 6% 6% 0.83 0.82 0.20 | 0.19 
10 (24 hours incubation at 37°C.) 12.4% 12.8% | 0.87 0.82 | 0.15 | 0.11 


| 




















MF of control and test aliquots even though there was marked inhibition of 
ChE in the latter. The pH of the samples after 24 hours incubation ranged from 
7.7 to 7.9. 


DISCUSSION 


It has been suggested by others (3, 11) that cholinesterase is part of a cellular 
enzyme system governing the permeability of cell membranes. Brauer and Root 
(12) demonstrated the enzyme in the stroma of human red blood cells. Thiele 
and Pennell (1) have even speculated that acetylcholine effects permeability 
through regulation of alternate contraction and relaxation of fibrous proteins 
in red blood cells. Obviously, any such alterations in permeability ascribable 
by others (1, 4) to a change in the cholinesterase-acetylcholine system might 
conceivably have some effect on the life span of red blood cells. With the cur- 
rent widespread interest in and the increasing commercial use of cholinesterase 
inhibitors as organic phosphorus insecticides (13, 14) observations of the MF 
of human erythrocytes following inactivation of ChE seemed indicated. No 
evidence of increased MF was demonstrated under these experimental condi- 
tions. Furthermore, in a large series of patients with severe myasthenia gravis, 
for whom acetylcholinesterase inhibition is obligatory, no resulting hemolytic 
anemia has been observed (15). 


CONCLUSION 


Although evidence has been cited indicating cholinesterase (ChE) activity 
effects red blood cell permeability the experiments reported here revealed no 
increased mechanical fragility (MF) of aliquots of human blood following 
marked inhibition of this enzyme. 
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AN EVALUATION OF HYPNOTIC DRUGS IN 
PSYCHIATRIC PATIENTS! 
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There are several reasons for studying hypnotic drugs in psychiatric patients. 
Controlled clinical trials in the area of hypnotic drugs have been essentially 
lacking until a few years ago, so that our basic information about the compara- 
tive efficacy of different medications remains fragmentary. Studies on pre- 
operative patients (1, 2), acutely ill and convalescent medical patients (2), and 
chronically ill medical patients (3) have been published, but to date there have 
been no reported controlled experiments with psychiatric patients. Although 
it would appear that a certain amount of generalizing can be done on the basis 
of studies in one type of patient, it is also obvious that success rates and side- 
effect incidence for a drug may vary considerably from population to popula- 
tion, and that controlled trials in a variety of situations are eminently desirable. 

Our purposes in conducting the present experiment have been twofold: 1) to 
gain information on the methodologic problems involved in studying sleeping 
medications in psychiatric patients and 2) to obtain empirical data on the com- 
parative usefulness of three hypnotics in managing the sleep problems of a 
group of psychiatric in-patients. The three drugs used were chloral hydrate, 
trichloroethanol, and sodium pentobarbital. 


METHODS 


Twenty-seven patients were chosen for study. These patients ranged in age from 16 to 
67 years with 13 patients under 40 and 14 patients 40 years or over. Thirteen were female, 
14 male. The diagnoses on these patients were: depression (15 patients), schizophrenia (6 
patients), anxiety neurosis (3 patients), obsessive compulsive neurosis (1 patient), character 
disorder (1 patient) and chronic brain syndrome (1 patient). Patients were studied who 
were considered by the medical staff to have sleep problems and who were not receiving major 
specific therapy of a medicinal or physical nature during the week’s period required 
for the experiment. 

Each patient was given, on consecutive nights and in random order, the following medica- 
ments: placebo; chloral hydrate, 1 and 2 gm.; trichloroethanol, 1 and 2 gm.; and pentobarbi- 
tal sodium,? 0.15 and 0.3 gm. An elixir was made up to contain propylene glycol, 20 per cent; 
alcohol, 10 per cent; distilled water, 5 per cent; dye and flavoring matter; and enough sorbitol 





1 Supported in part by a grant from the United States Public Health Service, National 
Institutes of Health, Number B-865, and in part by grants from Eli Lilly and Company, and 
from Smith, Kline and French Laboratories. 

* The doses of this drug were calculated on the basis of salt, and not free acid. For the 
sake of convenience, it will be referred to as pentobarbital. 
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solution to make up to volume. A 20 cc. dose of this elixir was given alone as placebo and 
the active drugs dissolved in the same elixir to make up the other medications. The medica- 
tions were identified only by code letters, and the code frequently changed. Patients, nurses, 
and technicians were thus kept unaware of the nature of the various solutions. 

Data were collected in two ways. “Objective” scores for onset of sleep and duration of 
sleep were obtained from the sleep charts kept by the nurses. Notations are made on these 
charts every halfhour from bedtime to 6:30 A.M. as a routine procedure on all patients 
hospitalized at the Phipps Clinic, so that the present study necessitated no change in the 
nightly routine of patients or nurses from this standpoint. In the mornings, patients were 
asked a series of questions by either a technician or a nurse on their “subjective” evaluation 
of hypnotic and side effects. 


RESULTS 
A. Induction of Sleep 


Scores for induction of sleep were calculated from the sleep charts in the fol- 
lowing manner: The number of half-hour periods elapsing between administra- 
tion of drug and notation of sleep by the nurse was called the induction score. 
If the patient was asleep on the first check after drug, i.e., 30 minutes later, the 
patient was given a score of one, for example. If the patient was awake on the 
first check, but asleep on the second check, the score was two, etc. The score 
divided by two is thus roughly the number of hours required to fall asleep. In 
actuality, this score is a “maximal” time required to fall asleep, since no account 
can be taken of how long a patient has been asleep before the nurse’s visit. In 
a number of instances, sleep was not induced with a given medication, and after 
a period of time a second medication (a known drug) was administered by the 
medical staff. In such cases, the patient was given a score equal to the number 
of half-hour checks between the giving of the experimental drug and the second 
medication. In this case, the score is a “minimal” score (since there is no way 
of knowing how long the patient might have taken to fall asleep without addi- 
tional drug) and favors the less active medications, making them appear more 
effective than they actually were. 

The mean scores for the seven treatment groups are given in Table I. Analysis 
of variance revealed significant overall difference (P < 0.01) between treat- 
ments. Further comparison of treatments indicated that whereas each dose 











TABLE I 
Objective Mean Induction Scores* for 27 Patients 
Chloral hydrate | Trichlorcethanol | Pentobarbital 
Placebo 
1 gm. 2 gm. | 1 gm. 2 gm. 0.15 gm. 0.3 gm. 
3.92 1.96 2.07 | 2.22 1.51 1.85 1.44 

















* Scores refer to the number of half-hour periods elapsing between administration of drug and 
first notation of “asleep” by nurse. (See text.) 
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TABLE II 
Objective Data on Induction Times (27 Patients) 
; No. of patients falling asleep 
Within Within Within | Still awake 
30 min. 60 min. 90 min. after 90 min. 
aS lc ee 9 12 14 13 
Chloral hydrate 
om..... : <5 ae 11 19 25 2 
2 gm. 17 24 24 3 
Trichloroethanol 
ec cb rein Sasa eighs : 18 22 23 4 
eR acesiisednci ame 16 24 27 0 
Pentobarbital 
IS scacipnes ties! oan ical ni seeeeeeeenel 13 21 25 2 
ee Rr mers r en 16 26 27 0 














level of chloral hydrate, trichloroethanol, and pentobarbital was significantly 
better than the placebo, the active medications did not differ significantly from 
one another at the 5 per cent probability level. 

The data are presented in different form in Table II. Here the data are sum- 
marized in terms of number of patients falling asleep within 30 minutes, within 
one hour, and within 114 hours, and those still awake after 114 hours. It is 
obvious that whereas half of the patients required over 1}4 hours to fall asleep 
on placebos, most patients receiving any one of the active medications were 
asleep in less than this period of time. 

Table III contains data obtained by interviewing the patients. These data 
are somewhat less satisfactory than the objective data for two reasons. First, 
it was not always possible to obtain answers to the question “How long did it 
take you to fall asleep last night?” Secondly, answers at times were not given 
in terms of minutes or hours, but as “right away”, “pretty quick’’, “a long, 
long time”’, “‘hours’’, etc. In most instances, however, a response could be cate- 
gorized as “less than one hour”, ‘about an hour’’, or “more than one hour”, 
and this breakdown is given in Table III. 

The data allowed a comparison of subjective and objective responses. In 
69 per cent of cases where such a comparison was feasible, there was good agree- 
ment* between the report of the nurse and that of the patient. Of interest is 
the fact that where discrepancies did occur, there was a 4:1 preponderance of 
replies wherein the patient described more difficulty in falling asleep than the 
nurse had observed. A chi-square analysis of these data revealed this to be a 
highly significant difference (P < 0.01). 

*“Good agreement” was defined as reports of “less than 1 hour” (or “1 hour or more’’) 
given by both nurse and patient, discrepancy as a report of “1 hour or more” given by patient 
with a report of “less than 1 hour” by nurse, or vice versa. 
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TABLE III 
Subjective Data on Induction Times (27 Patients) 
Number of patients 
i i Still awak, N 
yn tay Poo 2 a hens availabe 
ER ee eee) ae 3 5 19 3 
Chloral hydrate 
1 gm. : hee ae ney 10 16 7 4 
2 gm.. ee a 17 23 2 2 
Trichloroethanol 
MN ra neh ok rik aaa hs a 12 15 8 4 
| ES epee ter eaae ar 13 18 5 4 
Pentobarbital 
0.15 gm...... OR A SP ee ee 19 21 3 3 
G3 om...... E> ee Se ee 20 | 23 1 3 
TABLE IV 


Correlation of Clinical Depressive States* and Underestimation of Drug Effect by Patient 
(Induction—27 Patients) 











| % of patients Mean no. of 
Classification underestimating discrepant 
drug effect reports 
Severe and moderatef depression (n = 13).... 62% 2.2 
Mildt or no depression (n = 14)..... 36% 0.6 





* “Depression” is here employed in a psychiatric sense, i.e., with reference to affect, and not 
P psy! 
to pharmacologic depression. 


+ This group includes one person with diagnosis of schizo-affective disorder with depression of 
moderate severity. 


¢ This group consists of three patients in whom depression was either of mild degree or equivocal. 


Because of a clinical impression that depressive patients are apt to understate 
the benefits of therapy of this sort, a classification of the patients was made by 
one of us (J. I.) on the basis of data obtained from the doctors’ charts and 
nurses’ notes. Patients were classified as depressive or non-depressive (at the 
time of the study), with further classification of the depressive group into 
severe, moderate, and mild depression. This classification was performed inde- 
pendently of any knowledge about the reports of sleep effects, and the data then 
reanalyzed with regard to this classification. The results of this analysis are 
shown in Table IV. In the table, patients have been grouped into two classifica- 
tions, because of the essential similarity of response in the severely (60 per cent 
and 1.0‘) and moderately (62 per cent and 1.3) depressed patients, versus the 
mildly depressed (33 per cent and 0.7) and non-depressed (36 per cent and 0.5) 
patients. Although the numbers of patients are small, the results are at least 


* The first figure refers to percentage of patients underestimating drug effect, the second 
figure to mean number of discrepant reports. 
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TABLE V 
Objective Mean Duration Scores* for 27 Patients 
i | Chloral hydrate Trichloroethanol Pentobarbital 
Placebo 
1 gm. | 2 gm. | 1 gm. 2 gm. | 0.15 gm. | 0.3 gm. 
| | | 
8.59 | 10.25 11.66 | 10.33 13.22 12.48 | 14.25 





* The scores refer to the number of half-hourly checks at which patient was recorded “asleep” 
by the nurse. (See text.) 


consistent with the notion that depressive patients are more likely than non- 
depressive patients to report induction times longer than those reported by 
the nurses. 


B. Duration of Sleep 


The objective data from the sleep charts were scored for duration of sleep 
in the following manner: All half-hour checks at which the nurse had noted 
“asleep” were added together to give a total duration score. Discontinuous 
sleep as well as continuous sleep was counted. Any sleep occurring after a second 
medication was discounted. The mean scores are given in Table V. (These 
scores when divided by 2 approximate the total number of hours of sleep ob- 
tained between bedtime and 6:30 A. M.) Analysis of variance indicated statisti- 
cally significant (P < 0.01) overall difference between treatments. Although 
all the active drugs yielded scores higher than the placebo, individual compari- 
sons of pairs of treatments indicated that only the higher doses of chloral hy- 
drate and trichloroethanol, and both doses of pentobarbital were significantly 
better (P < 0.05) than the placebo. The high dose levels of each drug provided 
higher scores than the corresponding low dose levels, although the only statis- 
tically significant difference in this respect was between the 1 and 2 gm. doses 
of trichloroethanol. The 0.3 gm. dose of pentobarbital, while not significantly 
better than 0.15 gm. of pentobarbital, was significantly better than both doses 
of chloral hydrate and the lower dose of trichloroethanol. The 2 gm. dose of 
trichloroethanol and the 0.15 gm. dose of pentobarbital were significantly differ- 
ent from the lower doses of chloral hydrate and trichloroethanol. 

The objective data are presented in another way in Table VI. It is evident 
that approximately half of the patients on placebo have scores of less than 10, 
and that the lower doses of chloral hydrate and trichloroethanol are essentially 
identical with the placebo in this respect. All the other treatments are some- 
what more effective than the placebo in providing scores of 10 or higher. When 
one picks a score of 14 or higher, which begins to approach the maximal attain- 
able score (16-18), the outstanding medications are 0.3 gm. pentobarbital and 
2 gm. of trichloroethanol. 

The “subjective” responses of the patient to the question “How long did you 
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TABLE VI 
Objective Scores* for Duration of Sleep (27 Patients) 
Number of patients 
No sleep Scores of less Scores of 10 Scores of 14 
at all than 10t or moret or more 

| Ee Cirey Th. 6 Ss i 10 
Chloral hydrate 

Dah....% 0 11 16 13 

em... 3 20 13 
Trichloroethanol | | 

1 gm..... a 11 16 12 

sem... ; 0 6 21 17 
Pentobarbital 

OS See 0 8 19 14 

RE ciirsinsntac me 0 5 22 20 











* The scores refer to the number of half-hourly checks at which patient was recorded “asleep” 
by the nurse. (See text.) 

t Includes scores of “no sleep at all’’. 

t Includes scores of ‘14 or more”’. 


TABLE VII 
Subjective Data on Duration of Sleep (27 Patients*) 

















Number of patients 
Slept not at all ee a m a ~ tae 
} 
Placebo. ..... 6 18 2 
Chloral hydrate | 
BE enna ats 1 15 6 
2 gm...... 1 | 10 | 9 
Trichloroethanol 
Sa eer 3 12 5 
2 gm...... 1 10 12 
Pentobarbital 
0.15 gm... eee 1 6 13 
~ See baad eae 0 


| 4 16 
* Not all 27 patients gave responses for all drugs. 
t This group includes those that slept “not at all’. 





sleep last night?” were less satisfactory than the “objective” notes of the nurses 
for the same reasons indicated previously when describing the patients’ re- 
sponses regarding induction. The data have been summarized in Table VII. 
For this purpose some arbitrary decisions were made. All patients who slept 
less than 5 hours (by their own description) were grouped together with those 
patients who said they “kept waking up” or “slept off and on all night”. All 
of these responses seemed to deserve description as an unsatisfactory night’s 
sleep. At the other extreme were people who slept 7 hours or more, or “all 
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night”, or “a long, long time’’. These seemed clearly to be instances of a satis- 
factory night’s sleep. All the drugs scored higher than the placebo, with all 
higher doses of drug yielding better performances than corresponding lower 
doses, and with the outstanding performance being supplied by 0.3 gm. of 
pentobarbital. 

There was again a tendency for patients to understate the effects of medica- 
tion as compared with the nurses’ estimates. This was particularly true of 
instances of large discrepancy. For example, of those 7 instances where the 
patient’s estimate of sleep was more than 3 hours different from the correspond- 
ing nurse’s estimate, all of the discrepancies observed (which ranged from 3.5 
to 7 hours) were in the direction of understatement of hypnotic effect by the 
patient. Five of these 7 responses were by depressive patients, two by non- 
depressive patients. 


C. Comparison with Usual Night’s Sleep 


One of the questions asked was, “Did you sleep better than usual, worse 
than usual, or about the same as usual, last night?” The data are presented in 
Table VIII. Again one can see that the higher dose of pentobarbital provides 
an impressive performance, with the higher dose of trichloroethanol and the 
lower dose of pentobarbital next in order. 


D. Need for Extra Medication 


A reflection of inadequacy of medication should exist in the requirement of 
additional doses of medication on the night an experimental drug was being 
administered. The actual administration of a second drug is, of course, a result 
of interaction between patient, nurse, and doctor. No particular bias, however, 
should exist for or against a particular drug in this study, where each patient 


TABLE VIII 
Comparison of Night’s Sleep With “Usual Night’s Sleep” (27 Patients) 











Number of patients 
Better Same Worse Ho dete 

NEE See a a ee a a aged ee 2 6 17 2 
Chloral hydrate 

RINTLGE, cththis caish dun eaek nds aad 7 8 10 2 

ES See sa ckabdo season 8 11 + 4 
Trichloroethanol 

OR ed as ite ahs eatin) 5 7 13 2 

EN i ge od iy Sue aaleina Skok 14 4 6 3 
Pentobarbital 

ERR ees ES) peal 13 8 4 2 
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TABLE Ix 
Incidence of Side Effects (27 Patients) 





Number of patients 














| 
| apes yo Fw oa “Hangover’’* ) secnatiog 
( extra ) extra 
medication medication* 
Placebo. ... a | 6 3 | 3 3 
Chloral hydrate 
1 gm... 8 7 | 5 4 
2 gm.. 4 4 3 3 
Trichloroethanol 
1 gm.. 7 | 4 3 
2 gm... 5 5 5 5 
Pentobarbital 
0.15 gm.. 7 5 5 4 
0.3 gm. a ta 9 | 7 
* See text. 


was his own control and the medical and nursing staffs essentially constant 
throughout the experiment. The number of experimental nights on which extra 
medications were required after a given medication was as follows: placebo, 
11; chloral hydrate, 1 gm., 9; 2 gm., 7; trichloroethanol, 1 gm., 11; 2 gm., 5; 
pentobarbital, 0.15 gm., 7; 0.3 gm., 5. All active agents were (with one excep- 
tion) associated with the administration of fewer second medications than 
placebo, and the best performances were provided by the higher doses of tri- 
chloroethanol and pentobarbital. Again one sees the trend to increased efficacy 
in the case of each drug as the dose is increased. 


E. Side Effects 


The elucidation of the true incidence of side effects is made somewhat difficult 
by the administration of second medications on certain nights. For this reason, 
the data are presented in Table [X with and without correction for this fact. 
“Hangover” is used to designate descriptions of “dizziness”’, ‘“drunk’’, “sleepy”, 
“groggy”, “draggy”’, “drowsy”, “woozy’’, “foggy”, “hangover”, or combina- 
tions thereof. It is obvious that the incidence of “hangover” is roughly the same 
with drugs as with placebo in all instances except perhaps the higher dose of 
pentobarbital. Even in the latter instance, residual effects did not appear ex- 
cessively often despite the dose of 0.3 gm. 


DISCUSSION 


The current study permits of at least partial answers to the two main prob- 
lems posed in the introduction. For example, it appears that meaningful data 
on hypnotic drugs can be obtained from a sample of psychiatric in-patients. 
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This is attested to by such findings as the clear-cut superiority over placebo of 
the three drugs tested, and the consistent trend for increasing efficacy of drug 
as dose was increased for each drug. The superiority of pentobarbital in respect 
to duration of effect, and its outstanding ability to provide a better night’s 
sleep than usual for most patients is in keeping with the excellent performance 
of this drug in other groups of patients (1, 3). The hypnotic potency of trichloro- 
enthanol (equal to, if not better than, that of equal amounts of chloral hydrate) 
is also in accord with our knowledge of the pharmacology of the drug and pre- 
vious trials in man (2, 4). The low incidence of side effects with even relatively 
high doses of hypnotics also agrees with previous studies (1, 3). 

Some interesting findings peculiar to this group merit brief mention. The 
difficulty of obtaining intelligible answers from a certain percentage of the pa- 
tients, despite the absence of a “language barrier” in the ordinary sense of the 
word, poses certain problems in regard to loss of data if only “subjective”’ 
reports are utilized in such patients. Nevertheless, the discrepancy between 
“subjective” and “objective” reports, where both were available, was not such 
as to distort the total picture as far as relative efficacy of different medications is 
concerned. For example, by any criteria used, the higher dose of pentobarbital 
was an outstanding medication, and the placebo an ineffective one. Of interest, 
notwithstanding, was the significant inclination of our patients to err in the 
direction of understating the benefits of medication. In previous studies (1, 2), 
it has seemed that discrepancies between patient and observer were as often in 
one direction as the other. Several obvious potential sources of error are present 
in this situation. There are problems in estimation of the passage of time, where 
errors can be made in either direction, but primarily by the patient rather than 
the nurse. There is the chance of a nurse calling a patient asleep when he is 
merely lying quietly, or calling him awake because of restless moving, despite 
the absence of true wakefulness in the patient. There is the possibility of con- 
scious or unconscious distortion of response by either nurse or patient, an occur- 
rence presumably more likely to occur in the patient than nurse. There is the 
chance that a patient may fall asleep rapidly, but then wake up before the 
nurse’s check, so that the “discrepancy” reported is more apparent than real. 
It is difficult to do more than speculate on what factor (or factors) is most 
potent in the present study, but the tendency for patients to describe hypnotic 
effects which were less satisfactory than those described by the nurses seems 
relatively clear-cut. One suggested hypothesis for the occurrence of this phe- 
nomenon in the current group is derived from the clinical impression that 
psychiatrically depressed patients are more likely to understate therapeutic 
benefit than are other patients. This theory seems at least compatible with 
the data (see Table IV), but does not greatly help to elucidate the mechanisms 
responsible for the discrepancies. 
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It perhaps deserves to be emphasized that all drugs in this study were given 
in elixir form, and not in capsules. For pentobarbital, this is not the commonly 
prescribed vehicle. This fact might conceivably alter rapidity or magnitude of 
effect observed, although in other experiments (3) pentobarbital in capsules 
has proved admirably effective. 


SUMMARY 


Twenty-seven psychiatric in-patients have been studied in a controlled trial 
of hypnotic drugs. Chloral hydrate, trichloroethanol, and pentobarbital were 
significantly better than a placebo in inducing sleep. Two grams of trichloro- 
ethanol or of chloral hydrate, and 0.15 or 0.3 gm. of pentobarbital, were signifi- 
cantly better than the placebo in maintaining sleep. By most criteria, 0.3 gm. 
of pentobarbital was the most satisfactory medication employed, despite the 
somewhat higher incidence of “hangover” after this dose. The subjective evalu- 
ations by the patients tended generally to confirm the relative efficacy of differ- 
ent medications as judged by more objective criteria. An interesting finding, 
however, was the tendency for subjective reports by the patients to underesti- 
mate hypnotic effects, as compared with the objective reports of nurse ob- 
servers. This understatement occurred more frequently in the reports of pa- 
tients who were characterized as psychiatrically depressed.* 
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reports. It is of interest that the most satisfactory drug studied by Hare was a barbiturate. 
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ABSTRACTS OF PAPERS PRESENTED BEFORE THE MEETING OF 
THE JOHNS HOPKINS MEDICAL SOCIETY IN ASSOCIATION 
WITH THE ALPHA OMEGA ALPHA FRATERNITY 


May 14, 1956 


STUDIES OF CARBOHYDRATE METABOLISM IN THE NEWBORN 
Erpram Y. Levin 


Although it has long been known that the blood sugar during the first few hours of life 
tends to fall to below adult fasting levels, the mechanism of this fall has been poorly under- 
stood, despite many suggested explanations. In most studies on fasting newborns reducing 
substances have been measured only in capillary blood, values which are difficult to interpret 
because they represent a net result of the activities of many organs and the influences of 
many homeostatic factors. Since muscle, in general, removes glucose rather than con- 
tributes it to the blood stream, a better indication of peripheral utilization in muscle can 
be obtained by determining blood sugar levels in both capillary and venous samples from 
the same limb. 

Studies of the capillary-venous (c-v) difference performed 67 times on 55 fasting new- 
borns during the first 15 hours of life indicated a correlation with capillary sugar level. 
There was very little if any removal of sugar from the circulation by muscle at capillary 
sugar levels less than 60 mg. per cent. Because c-v differences were greater when fasting 
capillary sugar levels were higher, capillary sugar was elevated by oral glucose, intravenous 
glucagon, or intramuscular epinephrine. In 11 infants given oral glucose, there was a con- 
sistent increase in the c-v difference; while in 10 infants receiving IV glucagon, there was a 
mean increase in c-v difference, which was less consistent. In 11 infants after IM epinephrine, 
elevation of the capillary sugar was associated with a diminished c-v difference. It was 
noted that the elevation produced in capillary sugar by IV glucagon was markedly pro- 
longed in fasted full-term and premature infants studied during the first 31 hours of life, 
as compared with that obtained in infants measured on the 5th—14th day of life. 

Studies are continuing on anoxic infants and on the offspring of diabetic mothers. 


AN ELECTRON MICROSCOPE STUDY OF KERATINIZATION SECONDARY TO 
VITAMIN A DEFICIENCY 
HUNTINGTON SHELDON 
This paper was published in the May 1956 issue of the Bulletin. 
INVESTIGATIONS ON THE PRACTICABILITY OF THE GALLBLADDER AS A 


RECEPTOR ORGAN IN SHUNT PROCEDURES FOR THE TREATMENT 
OF HYDROCEPHALUS 


WiiiiaM L. PRITCHARD 


This paper is to be published in its entirety. 


ION FLUXES IN DOG JEJUNUM: THE EFFECT OF ION CONCENTRATION 
P. Gotpman, W. G. WALKER, K. L. ZreRLER AND W. W. Scott 
Presented by Mr. Goldman 


In anesthetized dogs, by constant perfusion of Thiry-Vella jejunal loops with various 
concentrations of NaCl tagged with Na*? and Cl*, a method has been developed for de- 
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termining ionic and water flux across the gut uncomplicated by the uncertainty of con. 
comitant volume changes within the lumen. Flux in both directions across the jejunal wall 
is calculated simultaneously from isotope activity and ionic concentration in the perfused 
and collected fluid since decrease in isotope activity is a measure of ion lost from the gut 
while ionic concentration differences represent net ion exchange. For both sodium and 
chloride a plot of the ratio of flux leaving the loop to flux entering the loop is linear with 
their average ionic concentration in the gut during transit. A plot of the flux ratio for Nat 
vs. the ratio of concentration of Na in gut to concentration of Na in plasma yields a straight 
line with slope 1.0....A similar plot of Cl~ flux ratio vs. CI- concentration ratio yields a 
straight line with slope 0.8....These two slopes differ significantly (P < .05). The 
rationale for such an adjustment is that pertinent fluxes are related to the plasma and 
intraluminal electrolyte concentration. Comparison of simultaneously obtained Nat and 
Cl~ fluxes show that Cl~ flux exceeds Na* flux both entering and leaving the lumen (P < 
.001). In a NaCl free solution inserted into the isolated jejunal loop and allowed to remain 
for three hours the Cl~ concentration exceeds the Nat concentration in the aspirated loop 
contents (P < .001). The data are consistent with the following model: CI- and Na* both 
leave the lumen at a rate proportional to the intraluminal concentration of NaCl. Both 
Na* and Cl- enter the lumen at a rate which is independent of the intraluminal concen- 
tration of NaCl. The greater flux of Cl~ in both directions can be explained if the membrane 
is charged positively. The difference between Nat and Cl flux ratios probably requires 
that one of these ions moves against its electrochemical potential gradient or that fluxes 
measured are affected by the behavior of a third ion in the system. 


ZONE PHENOMENON OF STAPHYLOCOCCUS AUREUS. THE PARADOXICAL 
REDUCED KILLING RATE OF HIGH CONCENTRATIONS OF PENICILLIN 


AppuL N. RAHMAN 


In vitro experiments were carried out in order to study the bactericidal action of various 
concentrations of penicillin against Staphylococcus aureus. Eight penicillin sensitive strains 
with a known pathogenicity for man were randomly selected. Organisms were grown in 
infusion broth at 30°C. for 14 hours, then were transferred to tubes containing low and 
high concentrations of penicillin in broth and incubated at 37°C. Bacterial population was 
determined at certain intervals by colony counts using pour-plate technique. For all the 
strains tested portion of the inoculum viable after 12 hours of exposure to penicillin was 
significantly higher, and the time to kill 99.9 per cent of the inoculum was considerably 
longer in high than in low concentrations of penicillin. This paradoxical reduced killing rate 
of high concentrations of penicillin was not demonstrated when the inoculum was taken from 
cultures which were grown for 12 or 16 hours, and the killing rate was what one would 
expect, that is faster killing in higher concentrations of penicillin. At 30°C. growth curve of 
these strains showed a di-auxie effect, that is, two successive exponential phases of growth 
separated by a static phase. Organisms taken from this short stationary plateau between 
phases of rapid growth, that is, at 14 hours of growth, were killed faster in low than in high 
concentrations of penicillin to a striking degree. Organisms taken from logarithmic phases 
of growth, that is, 12 or 16 hours of growth, did not show this zone phenomenon. 


DIMERCAPROL (BAL), AN EFFECTIVE ADJUNCT TO INSULIN IN 
DIABETES MELLITUS 


TuHora W. LEE 


Recently Dr. Butterfield of Guy’s Hospital, London, reported that dimercaprol (British 
Anti-Lewisite) improves glucose metabolism in diabetic patients who require large amounts 
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of insulin. In insulin sensitive diabetics little effect was produced by dimercaprol; on the 








con- 
a other hand, in patients uncontrolled by relatively large doses of insulin dimercaprol effected 
used a reduction in hyperglycemia and glycosuria with subsequent lowering of insulin require- 
» gut ment and improved diabetic regulation. 
and The beneficial effects of dimercaprol in diabetic patients have been confirmed in this 
with laboratory. For example, a 68 year old Negro woman followed for 20 years in this hospital 
Nat for diabetes mellitus had required increasing amounts of insulin, and had several admissions 
ight in diabetic acidosis secondary to inadequate insulin. For six months prior to investigation 
ds a she required 160 units Lente insulin and 80 units crystalline zinc insulin daily, yet she con- 
The tinued to have 2+ to 3+ glucosuria. She received intramuscularly 100 mg. dimercaprol in 
and oil twice daily for three days. Insulin requirement dropped to 85 units NPH and was sus- 
and tained at this level until discharge. Her urinary sugar excretion decreased from 28.6 grams 
Dr < i to 4.8 grams daily. Similar results were obtained in other patients requiring large doses of 
lain i insulin. 
op ff Butterfield and his associates are currently investigating the possibility that dimercaprol 
‘oth serves as a donor of sulfhydryl groups to sulfhydryl-containing enzymes important in carbo- : 
‘oth hydrate metabolism. In this laboratory the possibility that dimercaprol may alter the 
en- relationship between zinc and insulin by formation of a dimercaprol-zinc complex is being 
ane studied following the intriguing suggestion of Dr. J. E. Howard. Studies have shown that 
ires the hypoglycemic properties of insulin are negated by the addition of excess zinc salts to 
xes the insulin prior to injection. Scott and Fisher have recovered insulin previously exposed to 
zinc salts; such preparations showed the same activity as insulin not exposed to zinc solu- 
tions. In the patient previously described plasma zinc concentrations rose from a pretreat- 
L ment level of 1.0 to 5.2 microgm. per cent during dimercaprol administration, and returned 
to 1.1 microgm. per cent following dimercaprol. 
The level of zinc in plasma has been determined in 56 diabetic patients and in 6 non- 
diabetic subjects. The level is slightly higher in diabetic patients requiring large doses of 
_ insulin than in patients on small doses and in normal subjects. 
_ It is clear that dimercaprol lessens insulin requirements in diabetic patients who require 
. large doses of insulin. In such patients the insulin requirement may be reduced 50 per cent : 
mo or more. The mechanism of this beneficial effect remains obscure. 
- THE PATHOGENESIS OF FEVER. FEVERS PRODUCED BY INTRATHECAL 
y INJECTION OF ENDOTOXIN 
te Wirius R. KEENE 
= Experiments have been done to study the possible direct action of bacterial endotoxins 
ld on the central nervous system. This was made possible by the permanent implantation of 
of small polyethylene catheters into the cisterna basalis through which Shigella endotoxin was 
th injected directly into the cerebrospinal fluid. 
= It was shown that tiny amounts of endotoxin injected into the cerebrospinal fluid caused 
° high fevers in the rabbit. However, normal saline administered in the same manner caused 


no rise in body temperature. 

The fevers that follow intracerebrally administered pyrogen are quite different than the 
fevers following intravenous injection of endotoxin. To produce comparable fevers using 
these two routes of administration one must use at least 1,000 times as much endotoxin 
intravenously as intracerebrally. The latent period following the intrathecal injection of 
endotoxin is 10-12 minutes shorter than the latent period following the intravenous injection 
h of the same dose of endotoxin. 

Animals that are tolerant to intravenously administered endotoxin do not demonstrate 





104 THE JOHNS HOPKINS MEDICAL SOCIETY 


tolerance when challenged intracerebrally. From preliminary experiments it seems that 
animals do not become tolerant to repeated intrathecal injections of endotoxin. 

Rabbits receiving Shigella endotoxin intravenously respond with the usual precipitous 
leukopenia; however, when given an equal dose of endotoxin intrathecally there is no 
significant change in the leukocyte counts. 

Preliminary experiments have also been done to determine whether or not there is a 
transferable pyrogen in the rabbit’s serum at a time when the body temperature is rising 
rapidly. Ten cc. of serum collected one hour following the intrathecal injection of 5 micro- 
grams of Shigella endotoxin failed to produce fever when injected intravenously into a 
normal test animal. 

It is concluded that in these results there is some evidence that bacterial pyrogens can 
act directly on the central nervous system to cause fever. In view of the reports of other 
workers concerning endogenous tissue pyrogens, it is tempting to speculate that perhaps 
bacterial endotoxins can act both directly and indirectly to produce fever. If this were the 
case it might explain several features of pyrogen fever. One might postulate that the first 
portion of the fever curve that follows the intravenous injection of pyrogen is produced by 
direct action on the brain and that the later portion is due to the endogenous pyrogen 
released as a result of tissue damage. 
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BOOK REVIEWS 


Bacterial Anatomy. The Sixth Symposium of The Society for General Microbiology. Edited 
by E. T. C. Spooner AND B. A. D. Stocker. 362 pp., $6.00. Cambridge University 
Press, New York, N. Y. 

Bacterial Anatomy, the report of papers presented at the Sixth Symposium of the Society 
of General Microbiology, is an informative and provocative publication. It will be profitable 
reading both for the non-expert seeking a literate up-to-date exposition of the knowledge 
and controversies concerning many problems of bacterial structure, and to investigators 
who may wish to measure the progress of their work against those current activities covered 
in this volume. Instructors of bacteriology will find it a valuable source book to add to their 
personal libraries. 

The title Bacterial Anatomy may be criticized as promising a more extensive coverage 
of the subject matter of bacterial morphology and cytology than is delivered. Thus it is sur- 
prising to find no mention of a subject of much interest and one on which some recent 
progress can be recorded, namely, the gram stain. Since continued growth of knowledge of 
bacterial structure is quite dependent on the critical use of techniques and the development 
of new instruments it is sad the organizers of the symposium did not give some consideration 
to including a critique of phase and electron microscopy, and a description of the potentiali- 
ties of the interference microscope. The report on glutamyl polypeptide synthesis by Bacillus 
species while informative and well stated by C. B. Thorne of the Camp Detrick group would 
seem more appropriate to a work on bacterial metabolism than anatomy. If the subject is 
not out of place then one wonders why material on the synthesis of slime layer polysac- 
charides by the Lactobacteriaceae was not also considered appropriate for consideration at 
the symposium. If space is the limitation, then a more modest title is appropriate for the 
volume. The title of a book of science should aim to accurately reflect subject matter con- 
tent, and its appeal as bait for attracting an audience should be a secondary reason for its 
choice. 

The report was published before the symposium was actually held and includes no dis- 
cussions of the papers presented. This would seem to be a distinct loss. It would be extremely 
fruitful for the reader to learn how the investigators equate the contradictions in the mate- 
rials presented. For one example, Robinow, Bradfield, and Maalge and Birch-Andersen 
tell us that bacterial nuclear material has shown no evidence of being enveloped in a mem- 
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brane, and yet E. D. DeLamater assures us that mitosis occurs with spindle fibers penetrating 
through “nuclear membranes”’. 

The book is divided into 15 chapters with 17 authors represented. The reviewer found 
the material on flagella (B. A. D. Stocker), capsules (J. Tomesik) cell walls (C. Weibull), 
osmotic function (P. Mitchell and J. Moyle), bacterial cytoplasm (J. R. G. Bradfield), para- 
sporal bodies (C. L. Hannay), and long forms (W. H. Hughes) original, well organized, 
current, and felicitously stated. 

The material on bacterial chromatinic bodies by K. A. Bisset, C. F. Robinow and E. D, 
DeLamater is contradictary. Robinow writes in an easy and stimulating style, and has 
many sensible comments to make on problems of interpretation of cytological data. Bisset’s 
general account of the nature of the bacterial “‘cell” is appropriate but must be approached 
warily by those unfamiliar with the pitfalls that beset the bacterial cytologist. He is not 
always clear as to when he is discussing fact as distinguished from hypothesis. DeLamater 
presents his case for the existence of mitosis in bacteria fairly but wordily. He seems to 
have an annoying habit of meeting objections to his interpretations raised by Bisset and 
Robinow by reference to material still in press or as yet unpublished. 

The material on bacterial protoplasts (organisms stripped free of their rigid cell wall) 
presented by C. Weibull and K. McQuillen, and on thin sections of bacteria by Maalge and 
Birch-Andersen is exciting and new. 

The dullest account is that of C. G. Elliott who reviews studies of the nuclei of fungi as an 
object lesson for the bacteriologist. The material is not original. The tone of condescension 
detectable will antagonize the bacteriologist who knows a little bit of something about the 
world away from bacteria. 

CarL LAMANNA 


Gestation. Transactions of the Second Conference March 8, 9, and 10, 1955. Edited by 
CLAUDE A. VILLEE. 262 pages. $5.00. The Josiah Macy, Jr. Foundation, New York, 
N. Y. 

This second Macy Foundation conference on gestation should have a wider appeal than 
the first, for in addition to discussions of placental morphology and physiology, it reviews 
the pregnancy and lactation aspects of Dr. Curt Richter’s studies of self-regulatory func- 
tions in the rat, the social reactions of pregnant rats, and the phenomenon of delayed im- 
plantation. One of the intriguing aspects of Richter’s work is the light it casts on the true 
nutritional requirements of pregnancy which are so difficult to work out in the human. The 
comments of the discussants of this section on such esoterica as placentiphagia and other 
forms of pica in pregnancy will also be of peculiar interest to workers in many fields. 

Students of reproduction, of course, will be most especially interested in the reviews of 
placental morphology and circulatory physiology which make up the second half of the 
volume. The thorough presentations and discussions of the investigations by J. Dixon 
Boyd, and by Elizabeth Ramsey on the anatomy of the uteroplacental circulation give us 
the clearest view yet of the inaccuracies in the concepts of Spanner which have dominated 
our thinking for the past twenty years. The presentations by Burwell and Reynolds merely 
summarize material on the physiology of the uteroplacental circulation which have appeared 
elsewhere. However, in the discussions of their work the informal conference method utilized 
in the Macy conferences finally reaches its fruition. There is no doubt that this method of 
exchange of ideas is always of inestimable value to the discussants. It i3, however, usually 
far from enlightening to the reader for whom the frequent interruptions and asides become 
obstacles to the development of a clear concept of what is being discussed. In the sections 
under consideration the debate apparently became quite heated and, therefore, the dis- 
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cussants have developed their concepts much more fully and lucidly than usual. Thus, the 

true complexity of the placental barrier and the relative unimportance and limitations of a 

purely morphological approach to transfer across the barrier is clearly demonstrated. 
GrEoRGE W. Corner, Jr. 


An Outline of the Cytology and Pathology of the Reticular Tissue. By A. H. E. MARSHALL, 
with a chapter on the Lipidoses by J. B. CAVANAGH. 274 pp., 42/-net. Oliver and Boyd, 
Edinburgh, Scotland. 

Because of the deplorable confusion that exists in the use of the words “reticular cell”, 
“reticulum cell” and “‘reticular tissue”, the title of this book may lead some to think that 
the subject matter that it contains is much more restricted than it is. Actually, it comprises 
an exposition of the anatomical, functional and pathological characteristics of the various 
forms of non-erythrocytic mononuclear cells native to the hemopoietic organs, and of the 
counterparts of those cells wherever situated in the body—and that is a broad field indeed. 
While no attempt is made to include every one of the great number of known types of 
pathological reactions in which these cells participate, or to treat any of the subjects ex- 
haustively, the contents are nevertheless surprisingly extensive and informative for a volume 
of its size. 

The book is an excellent one, and it will be read with appreciation by most of those who 
are concerned with the complex, highly interesting and, from the standpoint of human 
welfare, extremely important field that forms its subject. It will be read with appreciation 
because it is written with clarity and thoughtfulness, with a perceptive critique, and with 
an admirable freedom from dogmatism in a field pervaded by dogmatism. 

The literature relating to this important field, as everyone knows, has been wantonly 
confused by the piling of one new term for the same condition upon another. In the case 
of the lymphadenopathies, the terms now outnumber the pathological conditions by at least 
ten to one. Indeed, the author mentions one of the disease states for which about twenty 
synonyms exist at present; and even the same terms are often used by different persons to 
mean different things. The prospective reader will be pleased to know that he need not fear 
to find in this book another confusion of new terms and speculative classifications. He will 
find, rather, an intelligent discussion of the nature of the various cells and disease states, 
within the limits of present information. Dr. Marshall is refreshingly aware of the ill effects 
of glib terminology and imposing classifications, and when he uses a term about which there 
might be any reasonable question of meaning he tells the reader plainly and precisely what 
he means by the term. Those that he uses are presently existing ones, not because he neces- 
sarily regards them as particularly apt, but because he is unwilling to contribute to the 
babel by manufacturing further new terms. 

In areas in which there is a large element of the unknown, disagreements in interpretation 
are not only inevitable but healthy, and that is notably the case in the field under considera- 
tion. For example, the reviewer at present regards leukemia as fulfilling Dr. Marshall’s 
criteria of malignancy (local tissue invasion and destruction, evidence of spread by meta- 
stasis); Dr. Marshall prefers not to believe so. And Dr. Marshall regards Hodgkin’s disease 
as fulfilling the criteria of a benign tumor of multifocal origin; the reviewer prefers not to 
believe so, and still others regard the condition as a malignant tumor. These differences of 
opinion simply emphasize (if that were needed) our ignorance of the basic difference between 
hyperplasia and neoplasia, in spite of the vast amount of morphological, biological and bio- 
chemical work that has been devoted to the problem; and also the fact that there does not 
exist at present any really valid criterion for malignancy that will meet all tests. 

The book is liberally illustrated, and the reproductions are, for the most part, excellent. 
ARNOLD R. RICH 
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The Neuroses in Clinical Practice. By Henry P. LAUGHLIN. 802 pp., $12.50. W. B. Saunders 

Co., Philadelphia, Pa. 

This book fills what has been the most obvious hiatus in the current psychiatric literature; 
for, true to the title, the chief subject matter of the work is the clinically oriented discussion 
of the neurotic illnesses seen for consultation and treatment by anyone engaged in the prac- 
tice of psychiatry. The main clinical chapters are entitled “The Anxiety Reactions, The 
Phobic Reactions, The Conversion Reactions, The Dissociative Reactions, Depression, The 
Fatigue Reactions, Overconcern With Health, The Obsessive-Compulsive Reactions, (and) 
The Neuroses Following Trauma”. The opening chapter discusses theoretical concepts of 
anxiety; a chapter is devoted to an impressively expanded list of the intrapsychic mech- 
anisms of defense (or “mental mechanisms”); a chapter discusses primary and secondary 
gains of illness (which the author terms “Endogain” and “Epigain”); and a first-rate psy- 
chiatric glossary is appended. 

The book is, for the most part, written in everyday, intelligible, conversational English. 
There are abundant pertinent clinical illustrations and anecdotes, literary quotations, and 
many interesting footnotes (including the commentary of a number of prominent psychia- 
trists and psychoanalysts). The total result is a remarkably readable, enjoyable, and in- 
formative book. The author sketches out, with the familiarity of a rich clinical experience 
and the lucidity that sometimes comes with extensive teaching experience, the pertinent 
historical, theoretical, and (especially and most successfully) the clinical characteristics and 
points of interest of each of these neurotic reaction types. He wisely refrains from expanded 
essays on therapy, limiting himself to a few pertinent remarks in each clinical chapter. 

One reason, in the reviewer’s opinion, that the book is a valuable addition to the psy- 
chiatric literature is that the author has earnestly devoted himself to the description and 
discussion of groups of emotional disorders (i.e., phobic reactions, fatigue reactions, over- 
concern with health, and the neuroses following trauma) that are seen clinically with appall- 
ing frequency, but which have been relatively neglected from theoretical, descriptive, and 
investigative points of view; and no other attempts have been made to collect and correlate 
the available data in the light of modern concepts. The relative space allotted to each subject 
is roughly proportional to the frequency with which it is encountered clinically. The author 
also undertakes to describe and discuss several types of neurotic characters, the so called, 
“hysterical character”, the “depressive character’’, and the “obsessive character’. Again the 
predominantly clinical and descriptive treatment, and the theoretical restraint, of the 
essays on these topics greatly enhances their usefulness. 

The author’s psychoanalytical orientation is more fortunate than otherwise, since psycho- 
analytic observations and insights have contributed abundantly to the understanding of 
neurotic illness; and, happily, the experiences, contributions, and opinions of many promi- 
nent eclectic psychiatrists are also considered and discussed. Except for a statement or two 
in the introductory chapter (i.e., that basic intrapsychic conflicts are between the super-ego 
and the instinctual forces of the id), the obsolescent, unscientific, dogmatic, psychoanalytic 
cliches are not used. In the discussions of the various neurotic reaction types, he neither 
presents them as invariable sub-varieties of the Oedipus complex, nor formulates them in 
terms of conflict between various personified portions of the personality; instead, the inter- 
personal, motivational, developmental, and descriptive features are stressed. And, to 4 
surprising degree, the author incorporates his own original thinking and contributions into 
his discussions, usually (in the reviewer’s opinion) to the advantage of the book. 

There are a few points that one might quibble with. For example, there are objections 
to the scientific use of the term “‘hysterical’’, since it is so often used in a non-specific way; 
perhaps the term “histrionic character’ could be used with less controversy to designate the 
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clinical entity described by the author as the “hysterical character”, and with which we are 
all familiar. In my opinion, it is unwarranted and misleading to formulate, as the author 
does, so-called psychosomatic illnesses as autonomic and/or physiological conversion reac- 
tions. Although he does not discuss “psychosomatic illness” in detail, he states that irrevers- 
ible structural organic changes can be the consequence of anxiety; and this statement might 
perhaps not be currently validatable. I must confess also to some personal irritation at 
frequently encountering such capitalized phrases of the author’s as ‘Total Response to 
Crisis’ (TRC) .. . “Theory of Antecedent Conflict’ . . . “Hypothesis of the Oral Conflict”, 
etc.; but perhaps these phrases are useful at a certain level of teaching. In formulating all 
neurotic symptoms and behavior as defenses against anxiety, the author is on less generally 
controversial grounds. This concept is currently useful because it provides a theoretical 
structural framework for psychodynamic thinking probably not otherwise possible; but 
the reviewer would prefer to see it stated as a tentative theory rather than as fact. For ex- 
ample, neurotic symptoms are frequently defenses against intrapsychic chaos (i.e., psy- 
chosis). The anxiety theory explains this by asserting that “signal anxiety” is evoked when 
a psychotic state is imminent and that neurotic symptoms defend first against this anxiety; 
this perhaps only stretches the theory to fit the facts. The phrase “in the light of modern 
concepts” used above by the reviewer unfortunately does not then refer to as bright a light 
as could be wished for. In a way, the book is so successful at delineating and describing the 
major areas in clinical work with neuroses that the deficiencies in currently prevalent theo- 
retical concepts and structure stand out in sharp contrast. 

One of the interesting original contributions in the book is the description of what the 
author calls the “Soterial Reactions” (from the Greek soteria which means a security or a 
guarantee of safety). He defines a soteria as the converse of a phobia, a reaction through 
which felt security and protection are apparently out of proportion to the stimulus and are 
experienced as coming from an external object (such as charms, medals, relics, joo joos, 
etc.). The external object then becomes a source of neurotic comfort and security. One of 
the cases listed is that of a book collector, secure with the knowledge and information stored 
in his infrequently used library. I suppose that the acquisition of this book will probably be 
for many little more than a soterial maneuver. This would be unfortunate, because it does 
deserve to be reflectively and critically read by all clinical psychiatrists, including anyone 
in psychiatric training. For other physicians and for medical students it should be a useful 
reference work, especially since the cabalistic jargon is held to a minimum. 

FREDERICK J. ZIEGLER 


Clinical Laboratory Diagnosis, 5th edition. By SamuEet A. LEVINSON AND RoBert P. Mac- 
Fate. 1246 pp., $12.50. Lea & Febiger, Philadelphia, Pa. 

This book attempts to cover the field of clinical laboratory diagnosis and review the 
physiology, pathology and clinical symptomatology in each organ system. Although the 
book is lengthy, 1246 pages, it is, of course, incomplete. The authors have done a remarkable 
job in bringing together a mass of facts and techniques. The book is surprisingly current, 
including such recently developed techniques as vitamin B12 absorption studies employing 
Co™ labelled vitamin B12. The shortcomings of this volume stem from the enormity of the 
endeavour. Laboratory studies in the various fields of medicine have grown so complex and 
numerous as to defy description and explanation in a single volume. For example, the use 
of the phase microscope in platelet enumeration is not mentioned, although this is considered 
to be one of the more important advances in hematology. Theoretical mechanisms also 
suffer from superficial surveys such as this. For example, the relationship of intrinsic factor, 
extrinsic factor, and pernicious anemia are correctly defined in the section on hematology, 
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but an erroneous concept of this same relationship is postulated in the gastroenterology 
section. The book is well presented. The illustrations are clear, the instructions concise, and 
the material informative. However, it is unnecessarily complex as a laboratory guide and 
too simple as a text of disease states. 


J.R.K. 


Ciba Foundation Symposium on Experimental Tuberculosis, Bacillus and Host, with an 
Addendum on Leprosy. Edited by G. E. W. WotisTENHOLME AND MaAraGarer 
P. CAMERON. 387 pp., $9.00. Little, Brown and Co., Boston, Mass. 

In the fall of 1954 the Ciba Foundation sponsored a symposium on experimental tuber- 
culosis with an addendum on leprosy. It was conceived with the commendable idea of being 
devoted entirely to the basic problems of these diseases. It was held in London and attended 
by a relatively small group of investigators representing several different countries and a 
variety of scientific disciplines, (bacteriology, chemistry, immunology and pathology). 
These men are all actively engaged in unraveling some of the most intriguing and difficult 
problems of the tubercle bacillus and the reactions of its host, and since they are all leaders 
in their respective fields the reader of this volume, which contains the papers they presented 
and the discussions which their papers provoked, would anticipate finding a number of 
stimulating ideas, and perhaps even an occasional new and important fact. This anticipation 
is more than fulfilled. There are many inspiring ideas and a surprising number of new and 
important facts. One might be disappointed that some of these facts or concepts, as presented 
in this book, are lacking in important substantiating data. This may have been because of 
limited time or because the experimental work itself had not been completed, but even in 
these instances one at least becomes aware of the current work and thought in the various 
fields of experimental tuberculosis. The discussions at the end of each paper, with their easy 
informality, are not only incisive and informative, but for the reviewer were also delightful 
reading. This book should be of considerable interest, not only to those who are especially 
concerned with tuberculosis, but to anyone interested in infectious processes in general. 

Epwarp C. ANDREWS, JR. 


La Sarcoidose Endothoracique de Besnier-Boeck-Schaumann. By J. TURIAF AND J. BRUN. 
328 pp., 4.500 fr. Expansion Scientifique Francaise, Paris, France. Preface by Pro- 
fesseur P. Harvier. 

Sarcoidosis (Besnier-Boeck-Schaumann) as a clinical entity has better definition today 
because of such thoughtful, comprehensive and meticulous reports as this excellent book 
contains. It is confined to the clinical and radiological aspects of the endothoracic mani- 
festations of a disease which is often widely disseminated. 

The lungs and lymph glands are most frequently involved although the lesions beyond 
the thoracic cage have long intrigued clinicians since the relationship of eye, skin, bone and 
other lesions to the glandular and pulmonary involvement became evident. The illustrations 
are profuse and most interesting. Most of them are reproductions of chest films demonstrat- 
ing various anatomical types of pulmonary sarcoidosis and their complications. The series 
showing progressive and regressive changes and the variety of such changes in the same 
individual are of unusual excellence. 

The bibliography is lengthy and apparently contains practically all significant references. 
from Besnier’s original report in 1889, Boeck’s descriptions some years later, Schaumann’s 
more comprehensive and modern writings, up to such present-day considerations as refined 
measurements of pulmonary function in various stages of sarcoidosis of the lung. 

The work represents a synthesis of anatomo-clinical findings of endothoracic sarcoidosis. 
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The descriptions of endobronchial findings are of particular interest. Such a monograph 
should have a wide appeal to internist, radiologist, thoracic surgeon, endoscopist, and 
allergist and the special diagnostic chapter would interest the general practitioner. 
Professeur Harvier indicates in the preface that ten years’ effort by the authors, both 
uncontested in their field, produced this encyclopedic report about a disease whose cause 
remains a mystery. 
Hucu G. WHITEHEAD 


Cardiac Diagnosis. A Physiologic Approach. By Rosert F. RusHmer. 447 pp. $11.50. 
W. B. Saunders Co., Philadelphia, Pa. 

The title and sub-title of this volume might be reversed with accuracy, since its contents 
are two-thirds cardiac physiology, and one-third diagnosis. Dr. Rushmer has successfully 
synthesized the two in a manner not possible in the standard textbooks of medicine or 
physiology. The first parts of the book deal with the function of the heart, the physiology of 
congestive heart failure, and the methodology of diagnosis. The final section is concerned 
with clinical and laboratory diagnosis of specific abnormalities. 

Anyone who attends the annual spring round of medical meetings can attest that the 
standard textbooks of physiology barely hint at the aims and methods of current cardio- 
vascular investigation. Dr. Rushmer’s book, on the other hand, describes a large proportion 
of the research work done in this field during the past ten years. It is not inhibited by the 
“standard” textbook’s obligation to limit itself to conclusions which have withstood trial 
for a considerable time, and to omit the details of specialized techniques. The result is a 
book which brings the reader very much up to date in cardiovascular physiology, to the 
point of including much research still in progress. Inevitably, this means that some of the 
methods and conclusions will probably not survive the conventional test of time, and it 
must be said that the author’s own “sonvelograph” (a presentation of the rectified ‘‘en- 
velope”’, instead of the vibratory detail, of an oscillographic heart sound record), may well 
fall in this category. 

The range of subjects is so wide—from the embryology of the heart to methods of measur- 
ing cardiac output, from the principles of electrocardiography to the etiology of pulmonary 
hypertension—that the space devoted to each one is necessarily limited. In almost every 
instance, however, Dr. Rushmer demonstrates that one can be brief without being super- 
ficial, and there are well chosen bibliographies to lead the reader further into each subject. 

As a survey of cardiovascular physiology and its application to medical diagnosis this 
work is outstanding. How the undergraduate medical student can find room in his schedule 
to read complete books on medical specialties is something of a mystery, but this is one 
well worth the time. 

W. R. MILNnor 


Experimental Design and Its Statistical Basis. By D. J. Finney. 168 pp., $4.50. The Uni- 
versity of Chicago Press, Chicago, Illinois. 

The subject of experimental design, although old in the field of scientific method, has 
had striking new developments in the last thirty years, stimulated largely by the brilliant 
work of R. A. Fisher in the field of agricultural experimentation. Several text-books devoted 
solely to this subject have been published, the first by Fisher himself in 1935. The experi- 
mental designs are devised with the primary objective of eliminating bias, and the additional 
aim of achieving the maximum information through the most efficient use of experimental 
animals or other units of study, relative to the questions under investigation. 

The present book by Finney is not a text-book in the sense of those previously published, 
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but seeks to acquaint the experimenter, unfamiliar with statistical methods, with the prin- 
ciples of the new developments in experimental design. The book is one in “The Scientist's 
Library: Biology and Medicine” series, in which authors were asked to emphasize basic 
concepts and problems, to clarify terminology and methods of approach, rather than to 
assemble a detailed array of facts. 

In stressing the need for a close working relationship between scientist and statistician 
Finney has stated, “Statistical science is one of the precision instruments available to the 
experimenter, who, if he is to make proper use of the knowledge at his disposal, must either 
learn to handle it himself or find someone else to do it for him. Experimenters who will put 
themselves to great trouble in acquiring skill with some difficult biological or chemical tech- 
nique often deny themselves the benefits of statistical techniques because they consider 
them beyond their understanding. The fault may lie in part with the statisticians, in that 
they fail to make their methods sufficiently clear to the non-mathematician, but the loss is 
entirely the experimenters’ ”. The author hopes that this book will arouse the scientist’s 
interest in this subject and eventually lead him to more technical presentations. 

Attempting to look at the book with the eyes of the medical scientist, it appears to this 
reviewer that the book fails to achieve its admittedly very difficult goal. This is perhaps 
mainly because the point of view seems to be that of the statistician rather than the experi- 
menter. Thus one gains the impression that medical problems are found to illustrate designs, 
rather than that designs are presented to solve medical problems. 

The first and often most difficult issue in planning a medical experiment is to define ex- 
plicitly the questions to be studied. In the illustrations presented in this book there is hardly 
one that is so defined. For example, a design and analysis are given for a problem whose only 
definition is “to compare five doctors in the counting of blood cells.’”” Whether they are to be 
compared as to precision, accuracy, trend of values under repetition, speed, or all of these 
simultaneously, is unstated. In view of the many experiments which founder through just 
such looseness of statement, it would be unfortunate if the reader gained the idea that 
some statistical maneuver precluded the necessity of explicit definitions. 

The impression that the experimenter’s frame of reference is not sufficiently considered 
prevails also through the exposition of principles and terminology. From the start there is 
a strong orientation toward significance testing, and the central problem of estimation 
receives less attention. Though it is recognized that the book is not intended as a populariza- 
tion, the extent to which the language is that of the statistician rather than the experimenter 
raises the question as to whether real communication has been achieved. 

MARGARET MERRELL 


Management of Addictions. Edited by Epwarp Popotsky. 413 pp., $7.50. Philosophical 
Library, New York, N. Y. 

This four hundred page book consists of a collection of papers mainly on alcoholism 
edited by Dr. Podolsky. There is material of interest to all physicians concerned with the 
treatment of alcoholism. 

The first chapter by Dr. Higgins is a worthwhile review of the psychological aspects of 
alcoholism from the point of view of psychoanalytic theory. Chapter 26 is a comprehensive 
review of the problem by Dr. Deithelm. There are a number of controversial papers pre- 
sented without comment. These have mainly to do with the drug and somatic treatments of 
alcoholism. William’s concept of Genetotrophic Disease, a theory of partial genetic meta- 
bolic blocks, is interesting but certainly not a complete explanation of alcoholism. 

Lovell stresses either constitutionally impaired adrenal cortical function, or an acquired 
deficit respectively producing alcoholism or resulting from it. There is certainly serious doubt 
as to the premise of the significantly lowered adrenal function. His studies are not controlled. 
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Other adjuncts to treatment of alcoholism include tolserol, carbon dioxide, electro- 
convulsive treatment, antabuse therapy, aversion treatment with emetics, calcium treat- 
ment, benadryl and finally hypnosis. 

There is a huge literature on alcoholism and other drug addictions. The author had to 
make selections, and has decided on a generally somatic and physiological emphasis. In order 
to balance this book more could have been included on the psychological aspects of alco- 
holism, although the author does correctly recognize alcoholism as the combined psycho- 
logical and somatic problem. 

Wa. T. Drxon 


Fluoroscopy in Diagnostic Roentgenology. By Orro DEUTSCHBERGER. 771 pp., $22.00. 
W. B. Saunders Co., Philadelphia, Pa. 

The beginner in fluoroscopy will find in this volume a very exhaustive compilation of 
much that is recorded concerning fluoroscopy. The section on General Considerations of 
Fluoroscopy considers rather thoroughly the basic knowledge needed for carrying out 
fluoroscopy as well as the hazards encountered. Each of the various sections under Clinical 
Considerations contains very exhaustive information concerning the various areas or sys- 
tems. References are utilized freely and bibliographies under the various sections are quite 
extensive and well arranged. Many of the points made are graphically illustrated by numer- 
ous illustrations and diagrams. The illustrations present the changes as seen during fluoros- 
copy and in the reverse densities of films and the usual illustrations by films. Indeed, the 
profuseness of the illustrations refutes to some degree the importance and efficiency of 
fluoroscopy since most of the illustrations are derived from standard radiographs. There is a 
very satisfactory and inclusive index by authors and by subjects. 

The greatest shortcoming of such texts is the extreme emphasis placed upon the im- 
portance of fluoroscopy. It is futile to carry out some of the fluoroscopic examinations de- 
scribed when far more definitive information can be obtained by standard radiographs. A 
great many fluoroscopic examinations are described which the reviewer has never carried 
out and a number he has carried out infrequently but will never try again since other more 
satisfactory methods with a better yield of information are available. Finally, the philos- 
ophy of directed examinations toward a certain part, structure or system is to a certain 
extent flouted. The primary importance of fluoroscopy indicated is completely out of pro- 
portion to ordinary usage and practice. A great deal about fluoroscopy can be learned from 
such a work as this. A great deal more must be learned the hard way during the actual 
practice of fluoroscopy. The final polished fluoroscopist must learn a great deal about the 
art and skill of handling patients in unfamiliar surroundings and an awesome atmosphere. 
The most important thing left unsaid is that any fluoroscopist can learn much more from 
another more skilled, experienced, and deft in the handling of equipment and artful in the 
handling of patients. 

The most important thing said with which the reviewer must take issue is the arbitrary 
setting of a limit of work per man per day. This is unrealistic and unjustified as evidenced 
by the average number of cases per hour completed in a large department by a varying 
group of experienced radiologists under exactly similar working conditions. 

WeEssTER H. BROWN 


BOOKS RECEIVED FOR REVIEW 


Anesthesia for Obstetrics. By Ropert A. Hincson AND Louis M. HEtiman. 344 pp., 
$12.50. J. B. Lippincott Co., Philadelphia, Pa. 

Annual Review of Medicine, Vol. 7, 1956. Edited by Davip A. RyTanp. 611 pp., $7.00. 

Annual Reviews, Inc., Stanford, California. 
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Behandlung Innerer Krankheiten. By Ferpinanp Horr. 653 pp., $13.60. Georg Thiems 
Verlag, Stuttgart, Germany. Also Intercontinental Medical Book Corp., New Yor 
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